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ABSTRACT 
The genus Ammi, a native of Egypt, belongs to the tribe 
Ammineae. It is well known for its horticultural and more 
particularly medicinal importance. Ammi majus is used in the 
treatment of leukoderma, vitilego, psoriasis and other dermal 
diseases. 
The present work deals with the effect of gamma rays, SA 
and aniline on seed germination seedling and plant growth, 
morphology, pollen fertility, meiotic abnormalities and yield in 
Ml, M2 and M3 generation. Few selected mutants have been 
maintained in M3 generation. The findings are abstracted below. 
(1) Seed germination and pollen fertility showed a dose 
dependent decrease with gamma rays SA and aniline. Similar 
trend was followed in these doses in M2 and M3 generations 
also but considerable recovery occurred in these parameters. 
SA was found to more reduction in higher doses. In case of 
delayed germination the maximum delayed germination in 
SA followed by gamma rays and aniline but in M2 and M3 the 
frequency of delayed germination decreases than Mi 
generation. 
(2) The cotyledonary and vegetative leaves in treated seedlings 
exhibited abnormalities like deep notches forming 2-4 lobes, 
small unequal lobes deeper serration, poor development as 
compared to control plants in Mi generation. These 
abnormalities occurred in all the mutagens, with the 
difference in their frequencies only. Almost similar 
abnormalities were observed in M2 and M3 generations also, 
but their frequencies were lower. 
(3) Older seedlings (30 days old) also exhibited morphological 
variations such as, variations such as, varied leaf shape and 
size, habit, (erect and semi erect), decreased number of 
branches, hard, weak and soft stem, healthy seedlings with 
increased number of branches and infloresences. The 
variations in M2 generation in leaf morphology like unequal 
deep notching deshaping, whorl arrangement thick and 
leathery leaves also observed. 
(4) Frequency of variation increas. ' with increasing doses/ 
concentrations in gamma rays, SA ana aniline. The mutants 
in M2 were selected on the basis of selfing the variants of 
Ml. The frequency of mutations was generally lower in M2 
and M3 generations, than the variants obtained in M| 
generation. 
(5) The average height of mature plants decreased with 
increasing doses/concentrations in gamma rays, SA and 
aniline. The maximum reduction in height was obtained in 
gamma rays followed by SA and aniline. The M2 generation 
exhibited recovery in the average height of plants in general 
treatment populations. Moreover, some mutants obtained as a 
result of segregation in M2 and M3 following the expression 
of new genes were dwarf and some taller than control plants. 
(6) At mature stage dwarf mutants with less branching, taller 
mutants with increased or decreased number of branches, 
mutants with increased or decreased number of 
inflorescence, erect and semi erect habits, higher or lower 
yield than control were obtained in various treatments in M2 
and M3 generations. 
(7) Various micro mutational characters such as average number 
of branches, inflorescence, umbles, flowers and weight of 
seeds on per plant and per hundred seeds were isolated and 
studied in M2 and M3 generations. In M2 generation the 
mutation frequency maximum in SA followed by aniline and 
gamma rays. In M3 generation the trend is similar to M2. 
The yield was maximum in SA followed by aniline and 
gamma rays. Generally the yield was higher in M2 and M3 
generations than Mi due to the ceasing toxic effect of 
mutgens. 
(8) The mutagenic effectiveness was higher at lower doses of the 
mutagens. The order of mutagens based on effectiveness was 
SA> aniline> gamma rays. The mutagenic efficiency worked 
out on the basis of seedling injury (MP/I) and pollen sterility 
(MP/S), also showed a declining trend with increasing 
concentrations of gamma rays, SA and aniline. The order of 
mutagenic efficiency was SA> gamma rays> aniline, so the 
SA was found to be the most effective and efficient. 
(9) The effect of mutagens on meiotic chromosomes was also 
studied in detail. The chiasma frequency (per cell and per 
bivalent) generally decreased with the increasing 
doses/concentrations of mutagens at diakinesis and 
metaphase I stage and that at metaphase it was lower than 
diakinesis. The maximum adverse effect on chiasma 
frequency was caused by SA followed by gamma rays and 
aniline treatments. The similar pattern was followed in M2 
generations also, but with slight recovery. 
(10) The frequencies of multivalents, univalents and precocious 
separation of chromosomes increased with increasing doses/ 
concentrations of mutagens. These were more abundant in 
Ml than in M2. In SA the frequencies of multivalents, 
univalents and precocious separation is higher than followed 
by gamma rays and aniline. 
(11) At anaphase I, the abnormalities like laggards, bridges, 
unequal division and unsynchronized movement of 
chromosomes were mainly observed. The maximum 
frequency of these abnormalities were observe is SA 
followed by gamma rays and aniline. In M2 generations same 
abnormalities were observed by their fr-qu . cies were lesser 
than Ml generations. 
(12) Laggards and bridges occurred at telophase 1. their 
frequencies increased in higher doses/concentrations of 
mutagens in Mi. Their frequency was micro-nuclei and 
unequal chromosome distribution were correlated with the 
laggards. 
(13) Abnormalities at second meiotic stages were lesser in treated 
populations in Mi and M2 generations. However, some of the 
abnormalities recorded were stray chromosomes (laggards) at 
prophase II, fragments and precocious separation at 
metaphase II; laggards, bridges and disoriented chromosomes 
at anaphase II and in addition to these the micronuclei at 
telophase II. The frequency of these abnormalities were 
maximum in SA followed by aniline and gamma rays. 
However, these were comparatively lesser than in Mi 
generation. 
(14) The positive and negative mutants have been isolated in M3 
showing various morphological characters almost similar to 
those in M2 such as tall, dwarf less or profuse branching 
high or low yielding etc. which were further stabilized in M3 
generation. 
It has been concluded that the morphological and cytological 
variations observed in the present investigation may be due to the 
genetic disturbances like various chromosomal associations and 
disturbed spindle formation as a result of the action of different 
mutagens used. In the condition of undectable changes at 
chromosome level the changes at genie level the changes at geneic 
level (Cryptic structural changes) have been attributed as the 
reasons for phenotypic changes. 
In addition physiolgoical disturbances in metabolic activities 
or growth regulators (auxins and cytokinins) an may also to the 
variations. Morphological variations were ' igher and mostly 
adapted in Mi generation, while in M2 the mutants were either 
chromosomal organic and moreover recessive, because in aniline 
the frequency ofmorphlogical and chromosomal abnormalities as 
compared to other mutagens was lower while morphological 
mutations were significant. 
The mutations were more or less similar in all the mutagens 
by in varying frequencies. It can be presumed that wherever 
enzymes are involved there must be the involvement of genes, as 
the genes are expressed in the forms of proteins and enzymes. If 
there is any alternation at genie or base level the mutation is 
bound to occur. 
Moreover, the induced cytomorphological variabilities in the 
present investigation provided greater chances of selection for 
different desirable character is in Ammi-majus L. 
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CHAPTER-1 
INTRODUCTION 
Mutations are sudden heritable changes in the genotype of 
an organism not explainable by recombination of pre existing 
genetic variability. The concept of mutation (a term coined by 
de Vries (1901), a rediscoverer of Mendel) is pervasive 
genetics. It is considered as an alternative source to naturally 
occurring variability for plant improvement programmes and as 
an alternative to hybridization and recombinations in plant 
breeding. 
Mutation is the ultimate source of all genetic changes 
(variations) and provides the raw material for evolution. Such 
genotypic changes include: changes in chromosome number 
(Euploidy and aneuploidy), gross changes in the structure of 
chromosome (chromosome aberrations) and changes in 
individual genes (point mutation). Mutagenesis is the term 
referred to the phenomenon of changing the base sequences in 
DNA. The agents which possess the quality of acting upon the 
genetic material and cause mutations are called as mutagens. 
Mutagens are of two types 
(i) Physical mutagens 
(ii) Chemical mutagens. 
Physical mutagens predominantly induce chromosome 
aberrations either through ionization of the target itself or 
indirectly through mutagenic free radicals as a result of 
ionization back ground components. 
Mutagenic action of x-rays was discovered by Muller 
(1927) in Drosophila and Stadler (1929) in barley and maize. 
Muller demonstrated that x-rays treatment markedly increased 
the frequency of sex linked recessive lethal mutations in 
Drosophila melanogaster. 
Chemical mutagens have shown evidence of more specific 
action than the physical mutagens, whose action is at random. 
Many cases of mutagenic specificity have been found to be 
regional (with reference to the chromosome) rather than genie. 
Though there were several attempts to induce mutations 
by chemical agents (Westergard, 1957; Gustafsson, 1969), the 
first definite evidence that chemical agents can induce 
mutations was obtained by Auerbach and Robson (1942) in 
Drosophila by using mustard gas and Oehlkers (1943) in 
Oenothera by urethane. 
The direction and rate of mutations vary in different 
genes. Mutations with large effects cause large disturbances in 
the normal development and functioning. Therefore, mutations 
with small effects are of importance in evolution. Mutations 
could have harmful as well as useful effects. Induced mutations 
are found to be successful in yield characters, induction of 
early maturation and alternation in grain or seed quality. 
The present material Ammi majus L., selected for 
mutagenesis, belongs to the family umbelliferae. The family 
includes 1300 species and has a world wide distribution, 
particularly in the temperate and subtropical regions (Europe, 
North Africa, West, Central and North Asia). It includes a good 
number of important taxa which are used as medicines, 
condiments and aromatics etc. 
The genus Ammi (2n=22), a native of Egypt, belongs to 
the tribe Ammineae. It is well known for its horticultural and 
more particularly medicinal importance. 
The contents of Ammi majus are ammoidin, ammidin, 
majudin, xanthotoxin, imperatorin and furocoumarins, obtained 
from the fruits of Ammi majus. Isolation of marmesin 
( C 1 4 H 1 4 O 4 ) isopimpinellin and ammajin from the fruits of Ammi 
majus L. are new constituents of Ammi majus. These are used in 
the treatment of leukoderma, vitiligo, psoriasis and other 
dermal diseases. Another species Ammi-visnaga L. is used for 
the treatment of diabetes is Isreal (Yaniv et al., 1987). 
So far the work done on this plant is restricted to 
medicinal and chemical aspects. The present investigation deals 
with the study of mutagenic effect of y-rays (Physical 
mutagen), sodium azide and aniline (chemical mutagens), on 
the basis of their differential efficiency and effectiveness in 
inducing genie or chromosomal mutations. 
The assessment of mutagenic effects of these physical and 
chemical mutagens has been done on different parameters, such 
as seed germination seedling and plant growth, survival rate, 
mutation frequency, plant height, branching and yield etc. 
Cytogenetic studies in control and mutants have been 
done in detail and possible genetic reasons have been worked 
out for morphological variations. 

M O R P H O L O G I C A L D E S C R I P T I O N 
Habit: Annual herb, erect, branched 90-120 cm tall. 
Root: Fusiform 
Stem: Terete, striate glabrous, rather subglabrous, Fistular. 
Leaves: Pinnately divided, segments ovate, lanceolate, 
serrulate, 2.5-6.5x1.5-3.0 cm size, upper ones bipinnatisect, 
segments linear, petiole upto 2.5 cm. long, leaf sheaths white 
margined. 
Inflorescence: Compound umbel, white terminal and /or leaf-
opposed, many rayed, rays 5-20, upto 5 cm long, slender 
umbellules, 10-35 flowered, many leaves, 1.5-2.5cm long 
brateole acute. 
Calyx: 5, teeth obsolate or minute, adnate to ovary. 
Petals: 5, free, rounded, often trilobed with inflexed apex, the 
exterior lobes frequently larger. 
Stamens: 5, free, alternating with petals. Filaments inflexed in 
bud conditions, anthers bithecous, dorsifixed,dehiscence 
through apical pore. 
Carpels: Bicarpellary.syncarpous,ovary inferior, 2-celled, 1-
ovule in each cell, pendulous, styles 2,swollen at base (stylo 
podium). 
Fruits: A cremocarp, laterally compressed, ovate, oblong with 
5 f i l i form equal ribs, each having 2-vittae, alternated with 
single vittae in depression, carpohore free, 2-partite. 
Seeds: Terete, convex, flat on faces. 
CHAPTER-2 
MATERIALS AND METHODS 
In the present work the effect of physical mutagen 
(gamma rays) and chemical mutagens (sodium azide and 
aniline) have been studied on the cytomorphological characters 
of Ammi majus L. 
The certified, healthy seeds of Ammi majus L. obtained 
from Central Council of Research in Unani Medicine, Ministry 
of Health, India, A.M.U., Aligarh Unit, were used for all the 
experiments. In each concentration of mutagen 100 seeds were 
treated in three replicates for 24 hours and sown in randomized 
block design. The schedule of the treatment is given below. 
2.1 Treatment schedule 
Mutagens Doses (KR)/concent ra t ions (%) 
Gamma rays (KR) 
Sodium Azide (%) 
Aniline (%) 
5,10,20,30,40,50 KR 
0.05,0.1,0.25, 0.5, 0.75, 1.00, 1.25, 
1.5, 1.75, 2.00 percent 
0.05,0.1,0.25, 0.5, 0.75, 1.00, 1.25, 
1.5, 1.75, 2.00 percent 
The source of gamma rays was at, J.N.U., New 
Delhi. Three sets of 100 seeds each were soaked in distilled 
water as control. 
2.2 Experimental procedure 
Preparation of stock solution: 2% stock solution of SA and 
aniline were prepared in distilled water and then diluted to the 
required concentrations. 
2.2.1 Pre-treatment, treatment of seeds with mutagens and 
sowing of seeds 
The seeds were presoaked in distilled water for 6 hours at 
room temperature in order to start the metabolic activities in 
embryo. Thereafter the seeds were treated in each concentration 
of chemical mutagens for 24 hours. No pretreatment was given 
in the case of y-rays. 
The treated seeds after 24 hours were thoroughly washed 
in running water in order to remove the mutagens from seeds 
surface. Three replicates of 100 seeds each were sown for each 
treatment. The morphocytological observations were recorded 
from treated as well as control populations. 
2.3 Observations recorded in Mi generation: 
A detail study of the effects of different mutagenic 
treatments was done using the following parameters. 
2.3.1 Seed germination: 
Germination data were recorded every alternate days, upto 
30 days after sowing, till the maximum germination was 
attained. 
The germination percentage based on the number of seeds 
sown and germinated was calculated by the following formula. 
No. of seeds germinated 
Germination Percentage = xlOO 
No. of seed sown 
The delaying effect of mutagens on germination was 
recorded on the basis of extra days taken for germination in the 
treated populations as compared to control. 
2.3.2 Seedling (germination) Injury: 
Seedling injury or percent inhibition in germination was 
calculated by using following formula. 
No. of seeds germinated in control 
— No. of seeds germinated in 
treated population 
Seedling Injury (%) = xlOO 
No. of seeds germinated in control 
2.3.3 Seedling and plant morphology: 
The parameters of morphological variations were the size 
and shape of cotyledonary and vegetative leaves at seedling 
stage and branching and leaf morphology at mature stage in 
control and treated populations. 
2.3.4 Frequency of morphological variations: 
The morphological variations were scored on the basis of 
characters in control plants and their deviations in the treated 
populations. Following method was adopted to calculate the 
frequency of variations. 
No. of varied seedlings 
Variation frequency (%) = ><100 
Total no. of germinated seedlings 
2.3.5 Plant Height: 
The heights of plants were recorded from the point above 
the ground to the tip of main axis, at maturity stage. 
2.3.6 Plant Yield: 
The yield per plant was the weight of total number of 
seeds harvested per plant in grams. The seeds per plant were 
estimated as under: 
No. of umbels per plant x No.of flowers (seeds) per umbel 
2.3.7 Weight per 100 Seeds (mg): 
It is the average weight of random samples of 100 seeds 
from control and each treatment of both mutagens. 
2.4 CYTOLOGICAL STUDIES 
2.4.1 (i) Fixation of flower buds: 
For study of meiosis the young flower buds of proper size 
were fixed, between 8.00 to l0 .30 a.m. in Cornoy's fluid (6 
parts absolute alcohol : 3 parts chloroform: 1 part glacial acetic 
acid) for 40-45 minutes or until complete dissolution of 
chlorophyll. Buds were then transferred to propionic acid 
(saturated with ferric acetate) for 24 hrs, washed with 70% 
alcohol and stored in it. 
(ii) Preparation of slides: 
Anthers were squashed in 0.5% propionocarmine stain 
(Swaminathan et al., 1954). These slides were dehydrated in 
Normal Butyl Alcohol series (Bhaduri and Ghosh, 1954), 
mounted in Canada balsam & dried in incubator at 45°C for 3-5 
days. Cytological observations and microphotographs were 
taken from temporary as well as permanent slides. 
2.4.2 Chiasmata frequency: 
The number of chiasmata per cell and per bivalent were 
estimated in treated as well as control plants by scoring 200 
PMC's at random, at diakinesis and metaphase I stages. 
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2.4.3 Meiotic abnormalities: 
Randomly selected 200 PMCs were analysed from 
diakinesis to telophase II stages, such as univalents, 
multivalents, stickiness of chromosomes, unequal division, 
fragments, bridges with or without fragments, laggards 
precocious separation, disoriented chromosomes, micronuclei, 
multinucleate PMCs and other abnormalities. 
2.4.4 Pollen fertility: 
Fresh anthers of the randomly selected control and treated 
plants were squashed in 0.5% acetocarmine. Fully stained full 
size pollen grains with smooth and regular out line were 
counted as fertile, while unstained, empty, shrunken and 
deshaped pollen grains were counted as sterile. The percentage 
of pollen ferti l i ty in each concentration was calculated by using 
the formula: 
No. of fertile pollen grains 
Pollen ferti l i ty (%) = xlOO 
Total No. of pollen grains 
2.4.5 Percentage Reduction in Pollen Fertility: 
The percentage inhibition or injury in pollen ferti l i ty was 
calculated by the formula: 
Pollen ferti l i ty in control plants- pollen fertili ty in 
treated plants 
xioO 
Pollen ferti l i ty in control plants 
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Mi GENERATION 
A set of control seeds and all those obtained from treated 
populat ions of Mi generation were sown for study in M2 
generation. Three replicates were maintained in each treatment. 
2.5 OBSERVATIONS RECORDED IN Mj GENERATION 
2.5.1 MUTAGENIC EFFECTIVENESS AND EFFICIENCY: 
Mutagenic effect iveness is a measure of the f requency of 
mutat ions induced by unit dose of a mutagen (time x 
concentrat ions) while mutagenic eff ic iency represents the 
proport ions of mutations in relation to biological damage. 
The formulae suggested by Konzak et al. (1965) were 
used to evaluate mutagenic effect iveness and ef f ic iency of the 
mutagens. 
(a)(i) Mutagenic effect iveness (in case of physical mutagen) 
= Mutation rate (M2 family or population basis) 
Dose in kiloRontgen (Mp/Kn) 
(ii) Mutagenic effect iveness: (In case of chemical mutagen) 
Mutation rate (M2 family or population basis) Mp 
Cone, of mutagen x duration of treatment in hrs 
Percentage of mutated plant 
progenies (mutation rate in M2)Mp 
(b) Mutagenic eff ic iency = 
•Biological damage in M2 generation 
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•Biological damage: For measuring the biological damage two 
different criteria were used. 
(i) I n j u r y : Percentage seedling germination reduction 
(Mp/I) 
(ii) Ster i l i ty : Percentage reduction in pollen fertili ty 
(Mp/S) or percentage pollen sterility). 
2.5.2 STUDIES ON DIFFERENT M O R P H O L O G I C A L 
TRAITS: 
For morphological studies the parameters were similar to 
Ml generation. These include: habit, height, No. of branches, 
no. of umbels, No. of flowers, weight of 100 seeds (mg) and 
yield etc. 
2.6 Ma GENERATION 
The plants in M3 generation were raised from the seeds 
obtained from the selected mutants out of M2 generation and 
studied separately. The characters studied in M3 generation 
were the same as in M2 generation. 
2.7 STATISTICAL ANALYSIS: 
The data recorded on different characters relating to each 
of the different treatments have been subjected to statistical 
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analysis with a view to find the individual and comparative 
effects of different mutagens. 
2.7.1 Mean (X): The mean was computed by taking the sum of 
a number of observations and dividing it by the total number of 
observations recorded. 
X =(X,+X2 X„)/N 
or X =Ex/N 
where Xi, X2 Xn = observations. 
N= Total no. of observations recorded 
2.7.2 Standard Deviation (SD, a): 
Standard deviation is the positive square root of the 
average of sum of squares of deviations of all observations 
from their means. It is calculated by the following formula. 
SD or a = V (xi-x)^ + (xs-x)^ (x„-jc)^ 
ni n2 N 
f -
X = Mean of observations involved. 
Xi Xn = individual observations. 
N= No. of observations. 
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2.7.3 Coefficient of variations (CV): 
It measures the relative magnitude of variations present in 
observations relative to the magnitude of their arithmetic mean. 
It is defined as the "Rate of standard deviation to arithmetic 
mean expressed as percentage." 
SD 
CV= —— xioo 
2.7.4 Critical Difference (CD): 
The critical difference was applied and computed as 
follows. 
Step 1: According to treatment given, construction of data table 
for treatments and 3 replicates. 
The data were compiled in such a way that each treatment 
occupies a row and their replicates were arranged in columns 
e.g. taken from y-rays. 
Rows 
treatments 
Column (Replciates) Total of rows 
(treatments) Ri Rz R3 
Ti Ai A2 A3 Ai+A2+A3=Xri 
T2 B, B2 B3 B1+B2+B3 = Xr2 
Ta c, C2 Cs Ci+C2+C3=Xr3 
T4 D, D2 D3 D,+D2+D3 =Xr4 
Ts El E2 E3 Ei+E2+E3=Xr5 
T6 Fi F2 F3 F,+F2+F3=Xr6 
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Total of Ai + +Fi=XCi, A2+ +F2 =XC2, 
A3+ +F3= XC3 = grand total (G) 
Step 2: Correction factor (C.F.) 
C.F. = (Grand total)^ / T.R. 
C.F. = (G)^ / T.R. 
Where T = Number of treatments 
R = Number of replicates 
Step 3: Total sum of squares (SSQT): This is the sum of square 
of all the observations minus correction factor. 
SSQT = [ ( A , ) ' +(Bi)^ + + (F3)^]-CF 
Step 4: Sum of squares of replicates (SSQR): 
(XCi)2 + (XC2)^ + (XC3)^-CF 
SSQR = 
T 
Where T = Number of treatment 
Step 5: Sum of squares of treatments (SSQt) 
SSQt = (Xri)2 +(Xr2f + +(Xr6)^ / R-CF 
Where R = Number of replicates. 
Step 6: Sum of squares of Error (SSQE) 
SSQE= SSQT - (SSQR + SSQt) 
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Step 7:Construction of ANOVA table 
Source Degree S.S. M.S. F value 
Replicate C-1 SSQR SSQR/C-1=A A/C 
Treatment r-1 SSQt SSQt/r- l=B B/C 
Error (C- l ) ( r - l ) SSQE SSQE/(c- l ) ( r - l )=C C/C 
Step 8: Estimated variance of error (MSE) 
MSE= SSQE/(C- l ) ( r - l ) 
Step 9: Critical difference based on ordinary test. 
CD at 5% level 2MSE/R x (t value at error d.f 5% level) 
CD at 1% level =V 2MSE/R x (t value at 1% level). 
It the difference between any two sample means exceeds 
the CD values obtained at 5% level and or 1% level, the 
difference between the two means is said to be significant at 
5%and or 1% level respectively. 
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ABBREVIATIONS 
(i) SA 
(ii) EMS 
(iii) DES 
(iv) EI 
(v) NEU 
(vi) MMS 
(vii) NMU 
(viii) HA 
(ix) MES 
Sodium azide 
Ethyl methane sulph^le 
Diethyl sulphate 
Ethylimine 
Nitroso ethyl urea 
Methyl methane sulphate 
Nitroso methyl urea 
HydrcQcylamine 
Methyl ethyl sulphate 

CHAPTER-3 
REVIEW OF LITERATURE 
The idea of inducing mutations and utilizing them for 
improving cultivated plants is about eighty years old. Mutation 
is a very valuable approach to plant breeding, as far improving 
the characters, changing the basic genotypes and shortening the 
normal l ife cycle of the plants are concerned. 
The occurrence of sudden and heritable change in the 
races was first suggested by Hugo de Vries (1901) in Oenothera 
lamarckiana. He proposed the use of radiation for the induction 
of mutations. The first successful use of X-rays was made by 
Muller (1927) for the discovery of induced mutability and its 
frequency in Drosophila. Later, the successes were achieved by 
Stadler (1929) in barley and Goodspeed (1929) in Datura and 
Nicotiana. 
The role of mutations in evolution was emphasized by 
Baur (1924) and Stubb and Wettstein (1941). Substitution and 
chromosomal reconstruction, clearly demonstrated by Sears 
(1956), are now a valuable tool in planned plant genetics and 
breeding. 
Another phase in the history of induced mutations is the 
discovery of chemical mutagens during the world war II. So the 
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use of chemical mutagens is recent in origin. They have been 
used extensively only during the last two decades in India and 
other countries of the world. Although the chemical 
mutagenesis for the first time was tried by Schiemann (1912) 
on Aspergillus niger, but the first successful attempt was done 
by Auerbach and Robson (1942) by using mustard gas on 
Drosophila melanogaster, whereas Oehlkers (1943) 
concentrated on the induction of chromosomal translocations in 
Oenothera by urethane. 
Morphological Studies 
Mutagenic treatments have been reported to affect 
morphology, germination, plant height, yield, number of 
branches, umbels etc. 
Physical mutagens 
Several types of ionizing radiations viz. x-rays, gamma 
rays, protons, fast and thermal neutrons, alpha and beta 
particles have been shown to have mutagenic properties (IAEA, 
1970). The only non-ionizing type of radiation carrying 
mutagenic potential is ultra violet radiations (IAEA, 1970). 
Among ionizing radiations gamma rays are considered to be 
more suitable for induction of mutations in plants, because they 
have a shorter wave length (10 to 10 meter) and therefore, 
possess more energy per photon and more penetrating power. 
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Gamma rays have been used for biological studies causing 
different types of morphological and cytological aberrations in 
plants and animals. According to Rekhmatullah and Gostimskii 
(1976), gamma rays were found to be more effective in plant 
growth and chromosomal studies. X-rays were also reported to 
induce relatively more "Strand breaks" than EMS (Koorneaf, 
1982). 
Germination: 
Reduction in germination and survival of seedlings by 
gamma radiations have been reported in V.faba (Filippetti and 
Pace, 1986) in hexaploid triticales (Edwin and Reddy, 1993), 
Hyoscyamus muticus (Maheshwari and Chand 1991), Helianthus 
annuus L. (Reddi et al., 1993) and in Ammi majus L. (Ansari 
and Siddiqui 1997). 
Survival, Plant Fertility and Plant Height: 
Gamma rays and EMS induce reduction in survival and ferti l i ty 
in V.faba (Filippetti and Pace (1986). In addition, dwarfism, 
modification in leaf shape and size have also occurred in these 
treatments. Gamma irradiations showed a significant reduction 
in plant height and inflorescence length in Hyoscyamus muticus 
(Maheshwari and Chand 1991). 
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In three hexaploid triticales the reduction in the height of 
seedlings and their survival has been reported by Edwin and 
Reddy (1993) in the gamma rays treatment. According to Singh 
et al. (1993) gamma rays causes reduction in the time taken for 
seedling growth in Brassica Juncea. It reduces the seedling 
length and pollen ferti l i ty in Helianthus annuus L. (Reddy et 
al., 1993). 
Yield: Gamma radiation showed a reduction in yield in 
Hyoscyamus muticus (Maheshwari and Chand 1991). 
Temple (1990) observed loss in Lycopersicon esculentum 
by the exposure to ozone and Verma et al., (1999) also 
reported the same result in Lens culinaris by gamma rays. 
Remarkable loss in yield has been experienced in Vicia 
faba by Kash (1988) by the treatment of acriflavin and gamma 
rays in terms of reduced number of pods, seeds and loss in the 
weight of seeds per plant. Similarly Vandana and Dubey using 
EMS and DBS and Kumar et al. (1993) using gamma rays and 
DES obtained the same results. 
Chemical Mutagens: 
Besides the radiations the chemical mutagens such as, 
mustard gas, ethyl urethane, alkylating agents, sodium azide, 
aniline, caffeine, base analogues, dyes etc. are also being used 
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for the induction of mutations. Different biocides, like 
herbicides pesticides, weedicides and insecticides used 
frequently for crop protection, have been reported to induce 
different types of mutations in plants and animals. 
Germination: Reduction in germination have been reported in 
Vicia faba by EMS. (Filippetti and Pace, 1986) and three 
hexaploid triticales by EMS and combination treatment of EMS 
+ gamma rays (Edwin and Reddy 1993). EMS and MMS caused 
a gradual decrease in germination in Mi and Ma generations in 
Trigonella foenum graecum L. (Jain and Agrawal 1993). Reddi 
et al. (1993) reported that SA and DES reduce the germination 
in Helianthus annuus L. 
Germination followed a decreasing order in Ammi majus 
L. in the increasing concentrations of EMS (Ansari and 
Siddiqui, 1996). Biological damage like germination, increased 
with increasing concentrations of both mutagens EMS and SA 
in two mung bean varieties in M2 (Khan et al., 1998). 
Plant height, fertility and yield 
EMS and combination treatments (gamma rays + EMS) 
have induced the reduction in survival of seedlings and height 
of seedlings in three hexaploid triticales (Edwin and Reddy, 
1993). They also induced the increase in seedling injury, pollen 
sterility and stomatal frequency. 
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EMS alone reduced the seedling growth in Brassica 
juncea (Singh et al., 1993). Trigonella showed a gradual 
decrease in seedling height, internodal length, no. of nodes, 
flowers, pods per plant, seeds per pod and weight of 100 seeds 
in Ml and M2 generations in different concentrations of EMS 
and MMS (Jain and Agrawal,1993). 
A similar result, where the mutation frequency, yield and 
pollen ferti l i ty showed decreasing order in Mi generation, in 
the increasing concentrations of EMS, has also been reported 
(Ansari and Siddiqui 1996). SA and DES also reduced the 
seedling length and pollen fertili ty in Helianthus annuus L. 
(Reddy et al., 1993). 
In addition, EMS and gamma rays have also caused a 
mutagenic effect on meiosis, pollen, seed and survival in Chilli 
pepper in M2 generation. EMS was found to be more effective 
in inducing meiotic irregularities than gamma rays treatment 
(Dhamayanthi and Reddy, 2000). 
At present two chemical mutagens sodium azide and 
aniline have been administered at the seed level to induce 
mutations. A brief account of these is given below. 
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Sodium azide (NaNs) 
Azide, a well known respiration catalase and peroxide 
inhibitor, is shown to be a potent chemical mutagen in both 
higher and lower organisms (Nilan et al., 1973). 
The potentially high mutagenicity of azide was first 
disclosed by Spence (1965), while studying the repair 
mechanisms of radiation induced damage in barley seeds. 
Sideris et al. (1969, 1973) established that the action of azide 
lies in the hydrogen ion concentration of the treatment solution. 
They (1973) have reported a considerable synergistic increase 
in the frequency of cells carrying chromosome aberrations in 
barley irradiated with sodium azide solution. Sodium azide 
does not possess radio mimetic activity but has shown 
synergistic effect with radiations. 
High mutational yield of azide was reported in rice by 
Sarma et al. (1979), and Hasegawa and Inone (1980). Reddi and 
Rao (1988) studied the relative efficiency of physical and 
chemical mutagens and found that sodium azide is more 
eff icient than gamma rays alone or in combination. 
The high potency of sodium azide therefore, seems to 
offer great promise in mutation breeding porgrammes. 
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ANILINE: Phenylamine, Aminobenzene (C6H5NH2) 
Aniline was first obtained by Unverdrven (1826) from dry 
distillation of indigo. He named the product Krystallin. Runge 
(1834) found it in coaltar and called it as kyanol. Fritzsche 
(1841) prepared it from indigo and potash and gave it the name 
aniline (Encyc. Chem. Tech. X: 914). It is the toxic chemical 
used for preparing dyes and dye intermediates. 
A direct attachment of these dyes to nucleic acids perhaps 
causes mutation. The molecular mechanism of their action is 
not ful ly understood. These dyes stack along nucleic acids 
which apparently attach to phosphate back bone. Aniline 
induces only deletion and insertion of single base pair in DNA. 
Deletions and additions of base pairs cause shift in the frame, 
work (frame-shif t mutation) in which the changed nucleotide 
sequences are lead by protein synthesizing machinary of the 
cell. It leads to the synthesis of different types of proteins and 
causes mutation. 
MUTAGENIC EFFECTIVENESS AND EFFICIENCY: 
Mutagenic effectiveness and efficiency of gamma rays 
EMS, DES and combinations were studied in Lathyrus sativus 
L. Increasing injury was recorded with the increasing radiation 
dose in individual as well as combined treatments. Among 
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combined treatments of gamma rays with EMS or DES, only 
those involving too higher irradiation doses showed an additive 
effect . A substantial amount of sterility was induced by almost 
all the mutagenic treatments. 
The efficiency on the basis of seedling injury has been 
reported to be generally higher as compared with that based on 
sterility. The efficiency of individual EMS and DES treatments 
was 2 to 3 times higher in comparison to most other mutagenic 
treatments and that EMS proved to be more effective than DES 
(Kumar and Dubey, 1997). Moreover, the effectiveness and 
eff iciency increased with increasing doses/concentrations in 
both the var. Ramsun and franksal of Sunflower (Ratnam and 
Madhave Rao, 1993). 
CYTOGENETICAL EFFECT: 
Most of the mutagens exert their effect at cellular level 
and the cytogenetic analysis has become one of the most 
important assays to evaluate mutagenicity of mutagens. Khadr 
(1970) while comparing EMS and gamma rays suggested that 
EMS mainly produces gene mutations and/or minute 
chromosomal aberrations, whereas the genetic variations 
produced by gamma irradiation were accompanied by the loss 
and/or gain of large segments of the chromosome. 
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Meiotic abnormalities such as quadrivalents, univalents, 
laggards, bridges, fragments and micronuclei were found to 
increase in the mutagenic treatments of gamma rays, EMS and 
SA in barley and hexaploid wheat (Reddy et al., 1991). 
Gamma irradiation has also induced cytological 
abnormalities, like clumping and stickiness of chromosomes 
and irregular grouping of chromosomes in Lycopersicon 
esculentum at metaphase I. (Jayabalan and Rao, 1987). 
A great deal of work has been done in Ammi majus L., a 
medicinal plant, used in leucoderma, psoriasis and other dermal 
diseases. At present gamma rays, sodium azide and aniline have 
been employed to assess their mutagenicity and cytogenetic 
assay in Ammi majus L. in Mi, M2 and M3 generations. 
27 
/ r 
i 
S l i l 
.< V • .. 
57 
C H A P T E R - 4 
OBSERVATIONS 
The effect of mutagens on seed germination, seedling 
growth, morphological characters, meiotic behaviour, f requency 
of variat ions in Mi generation and the mutations in M2 and M3 
generations have been studied. For the ident i f icat ion of 
mutations the plants raised from treated seeds were compared 
with the control (untreated) plants throughout their 
development and the plants on the basis of apparent variat ions 
and chromosomal studies were scored as mutants. To assess the 
comparative effects of di f ferent mutagenic agents the f requency 
of morphological mutations and meiotic chromosomal 
abnormalit ies were analysed statistically. 
4.1 OBSERVATIONS IN Mj GENERATION 
4.1.1 SEED GERMINATION 
Germination counts were made on 15, 20 and 30 days 
af ter sowing in control as well as treated seeds. On 30"' day 
maximum germination was observed to be 95% in control, while 
in treated populations it ranged between 89.20-55.50% in 5-
50KR gamma rays, 91.10-48.20 in 0.05-2% SA and 90.00-
58.50% in 0.05-2% aniline (Tables 1-3). The percentage of seed 
germination gradually decreased with increasing doses/ 
concentrat ions in gamma rays, SA and aniline. The germination 
reduction as a whole was highly affected in SA than the other 
two mutagens (Tables- 1-3; Graph-1,3,5). 
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The range of seedling injury (percentage injury in 
germination) was 6.3-42.1% in 5-50KR gamma rays, 4.2-49.4% 
in SA and 5.2-38.9% in aniline, (Tables 1-3). It increased from 
lower doses/concentrations to higher doses/concentrations. On 
an average the seedling injury was the hightest in SA followed 
by aniline and gamma rays. 
In general, the germination started day after sowing 
in control as well as in lower concentrations of the treated 
populations. However, the germination was delayed in higher 
concentrations in all the mutagens (Tables 1-3). 
4.1.2 FREQUENCY OF MORPHOLOGICAL VARIATIONS 
The frequency of morphological variations was found to 
increase with increasing concentrations of mutagen. It ranged 
between 16.8-27.2% in 10-50KR gamma rays, 17.3-33.3% in SA 
and 17.5-29.0% in aniline (Tables 1-3; Graph-2,4,6). It was the 
highest in SA the followed by aniline and gamma rays. 
4.1.3 HEIGHT OF MATURE PLANTS 
The maximum average height of plants observed in 
control was 94.00 cms. In treated populations it decreased from 
70.53 to 43.40 cms in 5-50KR gamma rays. In SA the average 
height reduced from 76.30 to 45.43 cms in 0.05-2% 
concentrations. In aniline also the average height followed a 
reducing trend upto 2% concentrations (Tables 4-6; Graphs-
7,11,15). 
All the mutagenic treatments caused a reduction in height, 
but the reduction was more pronounced in gamma rays treated 
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gamma rays in Mi.Mj and IVI3 generations. 
35 
30 
g 25 
M e 0 
1 20 'C 
5 
zr c 
s cr 
s> 
15 
10 
C o n t r o l 
•M1 generation 
-IW2 generation 
-M3 generation 
10 5 0 2 0 3 0 4 0 
Doses of gamma rays (KR) 
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gamma rays in and IVIs generations. 
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Graph- 3:- Seed germination induced by 
Sodium azide in l\/li,l\/l2 and M3 generations. 
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Graph- 4:- Frequency of variations induced by 
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Graph- 5:- Seed germination induced by 
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Graph- 6:- Frequency of variations induced by 
Aniline in IVIi.Maand M, generations. 
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population than in SA and aniline. The decrease in average 
height of plants was significant at 1% level in all doses of 
gamma rays and concentrations of SA and aniline (Tables 4-6). 
4.1.4 NUMBER OF BRANCHES PER PLANT 
The average number of branches was maximum (7.93) in 
control. It decreased from 7.00-5.40 per plant in 5-50KR 
gamma rays, 7.50-5.20 in 0.05-2% SA and 7.70-5.60 in 0.05-2% 
aniline respectively (Tables 4-6; Graphs-7,11,15). 
The decrease in average number of branches per plant was 
significant at 5% level in 0.05, 0.1% SA and 0.1% aniline and 
significant at 1% level in5-50KR gamma rays, 0.25-2% SA and 
aniline. In 0.05% aniline the growth reduction was 
insignificant. 
4.1.5 NUMBER OF INFLORESCENCES PER PLANT 
Average number of Inflorescences per plant was maximum 
in control (12.53) but it decreased from 8.50-6.43 in 5-50 KR 
gamma rays, 9.13-6.76 in 0.05-2% SA and 9.13-6.80 in 0.05-2% 
aniline respectively (Tables 4-6; Graphs-8,12,16). 
The decrease in average number of inflorescences per 
plant were significant at 5% level in 10-40KR gamma rays, 
0.05-0.25% SA and 0.05-0.1% aniline and significant at 1% 
level in 50KR gamma rays, 0.5-2% SA and 0.25-2% aniline. In 
lower doses of gamma rays it was insignificant. 
4.1.6 NUMBER OF UMBELS 
The average number of umbles per inflorescence was 
maximum in control (50.06) but it decreased from 46.50-36.00 
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in 5-50KR gamma rays, 49.20-36.40, in 0.05-2% SA and 48.20-
34.50 in 0.05-2% aniline. Moreover in 2% SA this value 
slightly increased to 36.40 umbels (Tables 4-6; Graph-8,12,16). 
The decrease in average number of umbels per 
inflorescence were significant at 5% level in 20-30 KR gamma 
rays, 1.25% SA and 0.75-1.00% aniline and significant at 1% 
level in 40-50KR gamma rays, 1.5,1.75 and 2% SA and 1.25-2% 
aniline concentrations (Tables 4-6) 
4.1.7 NUMBER OF FLOWERS PER UMBEL 
Average number of flowers per umbel was 35.10 
(maximum) in control, but in treated populations it decreased 
from 34.81-27.80 in 5-50KR gamma rays, 34.23-27.22 in 0.05-
2% SA and 34.11-27.21 in 0.05-2% aniline respectively (Tables 
4-6; Graphs-9,13,17). 
The decrease were insignificant in 5KR gamma rays, 
0.25% SA, 0.05 and 0.1% aniline. The decrease was significant 
at 5% level in lOKR gamma rays, 0.1-0.25% SA and 0.25% 
aniline. In still higher concentrations of SA and aniline it was 
significant at 1% level (Tables 4-6). 
4.1.8 YIELD 
The yield of control and treated populations was 
determined on the basis of weight of seeds per plant. Since the 
weight of seeds per plant decreased in all the concentrations of 
treated populations as compared to control, the yield in terms 
of weight decreased accordingly (Tables 4-6). 
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4.1.9 WEIGHT OF SEEDS PER PLANT (GMS) 
In control the weight of seeds observed was 10.344 gms, 
while in treated populations it decreased from 5.802-1.120 gms 
in 5-50KR gamma rays, 6.896-1.938 gms in 0.05-2% SA and 
6.657-1.934 gms in 0.05-2% aniline (Tables 4-6;Graphs-
9,13,17). 
This decrease in average weight of seeds per plant was 
significant at 5% level in 5-lOKR gamma, rays 0.5-1.25% SA 
and 0.75-1.5% aniline and significant at 1% level in 20KR-
50KR gamma rays, 1.5-2% SA and 1.75-2% aniline (Tables 4-
6). 
4.1.10 WEIGHT OF 100 SEEDS (Mg) 
Along with relative quantum the size of seeds is also 
reflected by calculating average weight of 100 seeds. It 
decreased with increasing concentrations of mutagens. 
The weight per 100 seeds was maximum in control 
(45.50mg), while in treated populations the decrease ranged 
between 42.17-31.00 mg in 5-50KR gamma rays, 45.00-29.20 
mg in 0.05-2% SA and 44.50-30.30 in 0.05-2% aniline 
respectively (Tables 4-6;Graphs-10,14,18). 
The decrease in average weight of 100 seeds was 
significant at 5% level in 20KR gamma rays, 0.75-1.00% SA 
and 0.75% aniline and significant at 1% level in 30-50KR 
gamma rays 1.25-2% SA and 1-2% aniline respectively (Tables 
4-6). 
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4.1.11 POLLEN FERTILITY 
Pollen character is one of the important stable and 
genetically controlled characters, which may be considered for 
preparing an index to assess the effect of any internal or 
external change in plants. 
The average pollen fertili ty was 98% in control, whereas 
it decreased from 89.5 to 59.7% in 5-50KR gamma rays, 94.5-
50.5% in 0.05-2% SA and 95.5-51.7% in 0.05-2% aniline 
(Tables 4-6). Pollen fertili ty showed the same trend as observed 
in seed germination. The reduction in ferti l i ty was more in SA 
followed by aniline and gamma rays (Tables 4-6;Graphs-
10,14,18). 
Simultaneously 2% pollen sterility was observed in 
control and there was a dose dependent proportionate increase 
in pollen sterility with increasing concentrations of the 
mutagens. The highest percentage of reduction in pollen 
ferti l i ty in most of the doses, was recorded in SA followed by 
aniline and gamma rays (Tables 4-6). 
MORPHOLOGICAL ABNORMALITIES AT SEEDLING 
STAGE 
The immediate effect of physical and chemical mutagens 
appeared at seedling stage upto the formation of cotyledonary 
and few vegetative leaves. In control, the leaves were normal 
by lobed serrated, notched, round/acute apices (Plate-l-Fig 
A(a-b). In treated populations, the vegetative leaflets were 
deeply notched forming 2-4 lobes (Fig. A(a-j)), small, unequal 
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lobes, (Fig. A(c,d,f) serrated (Fig. A (a-j)), poorly developed 
stunted growth (Plate-lFig.B(k-q)) as compared to that of 
control. 
MORPHOLOGICAL ABNORMALITIES IN OLDER 
SEEDLINGS 
Control seedlings were erect, bearing normal 
obovate/lanceolate leaves, dentate, generally acute/ rarely 
obtuse, serrated. In 40 KR gamma rays, the seedlings were 
erect, bearing deeply notched leaves, dividing the leaf in two 
unequal lobes, (Plate-3-Fig. B). In 1.5% SA the seedlings were 
erect, deeply notched, acute, serrated, wavy margin, divided 
into three unequal lobes (Plate 3-Fig. C). In SA 0.75% the 
seedlings were deeply notched, bearing small, leathery, leaves 
and more number of plant branched (Plate-3 Fig. D). 
Cytological observat ion 
4.1.14 Meiotic studies in Mi Generation 
To estimate the potency of mutagens and the mutations 
response of a genotype the chromosomal behaviour with respect 
to meiosis is considered to be one of the most reliable indices. 
Moreover, the relative mutagen sensitivity at 
chromosomal level is estimated through the degree of injury 
manifested by different mutagens in the immediate generation. 
The present investigation deals with the study on the 
types of chromosomal associations, chromosomal abnormalities 
and their frequencies in gamma rays, SA and aniline. A 
comparative study among different concentrations of one 
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mutagens (intramutagenic) as well as among all three mutagens 
(Intermutagenic) was also carried out. The parameters of 
meiotic studies recorded were chiasma frequency, multivalent, 
univalent, stickiness, precocious separation, laggards, bridges, 
unequal division, unsynchronization, fragments and 
multinucleate P.M.Cs. etc. 
Ammi majus has eleven bivalents (2n=22). In control 
populations of meiosis was normal with eleven bivalent at 
prophase I, arranged normally at equatorial plate at metaphase I 
and separating eleven individual chromosomes towards either 
poles at anaphase I, Telophase I and all the stages of meiosis II 
were generally normal. The abnormalities in chromosomes 
structure and behaviour and their frequencies were almost 
negligible. The treated plants exhibited variable frequencies of 
abnormalities (Plate 16,a-f). 
PROPHASE I 
4.1.14(1) ABNORMALITIES AT DIAKINESIS 
The chiasma frequency in control was considered to be 
standard for comparison with treated populations. The 
abnormalities such as univalents, multivalents, stickiness, 
precocious separation, laggards, bridge, unequal separation, 
unsynchronized movement of chromosomes etc. did not occur in 
control populations. However, they were inducted in treated 
doses in various frequencies. 
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(i) Chiasma f requency at diakinesis (Prophase I) : 
Chiasma frequency is a constant and genetically 
controlled characters while does not vary much unless the plant 
are subjected to any change mutagen or environment. 
The chiasma frequency per bivalent decreased from 1.77 
(control) to 1.40 in 50KR gamma rays, 1.48 and 1.41 in 2.00% 
SA and aniline respectively. (Tables-7-9; Plate-17a,b; Plate-
18a-c; Plate-19a-c). 
Although the chiasma frequency decreased but the CVs 
increased in the increasing doses exhibiting the increasing 
variability in chromosomal exchange on one hand but causing 
adverse effect on crossing over on the other hand. 
(ii) Univalents : 
Univalents could not be observed at diakinesis in control 
plants. However, they were often observed at diakinesis and 
metaphase I stages in the treated plans and increased further in 
higher doses/concentration of gamma rays, SA and aniline. 
Their frequencies were 0.06, 0.06, 0.16, 0.16, and 0.26 per cell 
in 10, 20, 30, 40 and 50KR gamma rays respectively (Table-7). 
In SA the frequencies of univalents increased from 0.06 to 0.36 
and from 0.03-0.26 per cell in 0.05 to 2.00% SA and aniline 
respectively (Table-8-9; Plate-17a; Plate-18c; Plate-19a). 
The CV decreased with increasing the frequencies per 
cell. 
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(iii) Multivalents: 
Multivalents could not be seen at 5,10 and 20KR gamma 
rays doses. They occurred to be 0.03, 0.06, and 0.06 in 30, 40 
and 50KR gamma rays respectively. 
In SA multivalent could not be seen in 0.05-0.5% and 
0.05-0.75% in aniline. However, they were present to be 0.03-
0.13 per cell in 0.75-2% SA and in aniline frequencies 
increased from 0.03-0.13 per cell in 1.00-1.50%. While in still 
higher concentration of aniline 1.75 and 2.00% frequencies 
decreased to 0.06 per cell (Tables 7-9). 
(iv) Stickiness 
Stickiness could not be observed in 5-20KR gamma rays, 
0.05-0.1% SA and 0.05-0.25% aniline, while they occurred in 
higher doses/concentrations. The frequency of stickiness ranged 
between 0.03-0.16 per cell in 30-50KR gamma rays, 0.03-0.26 
per cell in 0.25%-2.00% SA and 0.03-0.16 per cell in 0.50%-
2.00% aniline respectively (Tables-7-9). 
The C.V. were higher in treated populations showing 
higher variation in chromosomal configurations. 
4.1.14 (ii) Abnormalities at Metaphase I 
Metaphase I these were eleven bivalents (2n=22) at 
equatorial region control as a normal character. Whereas, 
different abnormalities were observed in treated populations. 
The parameters for metaphase studies were the frequency of 
chiasma per cell and per bivalent, multivalents, univalents, 
precocious separation and stickiness etc. 
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(i) Chiasma frequency 
The chiasma frequency at metaphase I, was although 
comparatively lower than diakiness but still it decreased from 
1.69 per bivalent (control) to 1.33 per bivalent in 50KR gamma 
rays; 1.21 per bivalent in 2.00% SA and 1.18 per bivalent in 
2.00% aniline (Tables-7-9;Plate-17d; Plate-18d-f; Plate-19d-e). 
(ii) Multivalents 
Multivalents could not be observed at metaphase 1 in 
lower doses/concentrations of the mutagens. Their frequencies 
in higher doses ranged between 0.03-0.06 per cell in 30-50KR 
gamma rays, 0.06-0.13 per cell in 0.75-2.00% SA and 0.03-0.10 
per cell in 1.00%-2.00% aniline (Tables-7-9; Plate-17d; Plate-
19e). The higher CVs exhibited the more variations in their 
occurrence. 
(iii) Stickiness: 
In treated populations their frequencies ranged between 
0.03-0.13 per cell in 10-50KR gamma rays; 0.03-0.20 per cell 
in 0.10%-2.00% SA and 0.03-0.20 per cell in 0.10%-2.00% 
aniline (Tables 7-9; Plate-17f; Plate-18e-g; Plate-19d). 
The CVs in lower doses were higher but showed 
decreasing trends towards increasing doses. 
(iv) Univalents: 
The frequencies of univalents ranged between 0.06-0.26 
per cell in 5-50KR gamma rays; 0.13-0.26 per cell in 0.05%-
2.00% SA and 0.10-0.26 per cell in 0.05%-2.0% aniline 
respectively (Tables 7-9; Plate-17d; Plate-18d,f; Plate-19e). 
53 
The univalents started appearing in lower most doses and 
their distribution become more homogeneous in the higher 
doses as the CV exhibited decreasing trend, 
(v) Precocious separation 
Precocious separation was nil in control. Since it was 
absent in some of the lower concentrations of treated 
populations its occurrence was random. The frequencies of 
precocious separation were 0.03-0.13 per cell in 20-50KR 
gamma rays (Table-7); 0.06=0.16 per cell in 0.75-2.00% SA 
(Table-8) and 0.06-0.13 per cell in 1.00-2.00% aniline. (Table-
9). Their heterogeneous occurrence is exhibited by higher CVs 
in the treated plants (Plate-18e; Plate-19d). 
4.1.14II,IV Unsynchronized movement of chromosomes: Rare 
cases of unsynchronized movement of chromosomes was 
recorded in 2.0% aniline (Plate-19G). 
4.1.14(iii) Abnormalities at anaphase I 
The studies on the abnormalities at anaphase I were 
mainly concerned with laggards, bridges, unequal separation of 
chromosomes and unsynchronized movement of chromosomes, 
(i) Laggards 
In treated populations their frequency increased from 
0.06-0.26 per cell in 5-50KR gamma rays (Table-7); 0.03-0.20 
per cell in 0.05-2.00% SA (Table-8) and 0.03-0.23 per cell in 
0.05-2.00% aniline (Table-9). 
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(ii) Bridges 
The single and multiple chromatin 
in treated populations. Their frequencies increased from 0.03-
0.13 per cell in 20-50KR gamma rays (Table-7) 0.03-0.16 per 
cell in 0.50-2.00% SA (Table-8) and 0.03-0.13% per cell in 
0.25-2.00% aniline (Table-9) respectively bridges were 
comparatively more frequent in SA (Plate-17c). 
(iii) Unequal division of chromosomes 
Unequal division of chromosomes did not occur in lower 
doses. While their occurrence was common in higher doses of 
all the mutagens with the difference in frequencies only. The 
frequency of unequal division increased from 0.03-0.13 per cell 
in 10-50KR gamma rays (table-7); 0.03-0.06 per cell in 1.00-
2.00% SA (Table-8) and 0.03-0.06 per cell in 0.75-2.00% 
aniline (Table-9). The trend of CVs exhibited their 
heterogeneous distribution (Plate-17g; Plate-19f). 
(iv) Unsynchronized movement of chromosomes 
Their frequencies ranged between 0.03-0.10 per cell in 
20-50KR gamma rays (Table-7); 0.03-0.16 per cell in 0.75-
2.00% SA (Table-8) and 0.06-0.10 per cell in 1.50-2.00% 
aniline (Table-9). The unsynchronized movement of 
chromosomes occurred positively in the higher doses (Plate-
19h). 
4.1.14 (iv) Abnormalities at Telophase I 
In control the chromosomal abnormalities could not be 
observed at telophase I. The frequency of abnormalities in 
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treated populations at telophase I were very low as compared to 
diakinesis, metaphase I and anaphase I. The main abnormalities 
were laggards and bridges. 
(i) Laggards 
The frequency of laggards increased from 0.00 (control) 
to 0.16 per cell in 50KR gamma rays; 0.03-0.10 and 0.03-0.06 
per cell in 0.75-2.00% SA and aniline respectively. (Tables-7-
9). 
(ii) Bridges 
Their frequencies increased from 0.03-0.06 per cell in 40-
50KR gamma rays (Table-7); 0.03-0.06 per cell in 1.75-2.00% 
SA and aniline respectively (Tables-8-9; Plate-17e). 
The C.Vs in all treatments decreased in increasing 
concentrations. 
4.1.14(v) Abnormalities at second meiotic stages 
The chromosomal abnormalities at second meiotic stages 
could not be observed in control. In treatment also their 
occurrence was very low, particularly in lower doses. However, 
some of the abnormalities recorded were : laggards at prophase 
II, fragments and precocious separation at metaphase II, 
laggards, bridges and disoriented chromosomes at anaphase II 
and multinucleates pollen mother cells, laggards and bridges at 
telophase II stages in higher concentrations. 
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(i) Prophase II 
The laggards were observed at prophase II. The frequency 
of laggards increased from 0.03-0.10 per cell in 30-50KR 
gamma rays (Table-10); 0.03-0.06 per cell in 1.25-2.00% SA 
(Table-11) and 0.03-0.06 per cell in 1.50-2.00% aniline (Table-
12). 
(ii) Metaphase II 
In metaphase II, the fragment and precociously separating 
chromosomes were observed. The frequency of fragments 
increased from 0.03-0.13 per cell in 20-50KR gamma rays. 
(Table-10; Plate-18h), 0.03-0.10 per cell in 0.25-2.00% SA 
(Table-11) and 0.03-0. lO^per cell 0.50-2.00%. aniline (Table-
12). 
The precocious separation of chromosomes increased from 
0.03-0.10 per cell is 10-50KR gamma rays (Table-10); 0.03-
0.10 per cell in 0.25-2.00% SA (Table-11) and 0.03-0.13 per 
cell in 0.75-2.00% aniline respectively (Table-12). 
(iii) Anaphase II 
The laggards, bridges and disoriented chromosomes were 
observed at anaphase II. 
The frequency of laggards increased from 0.03-0.13 per 
cell in 10-50KR gamma rays and 0.10-2.00% SA (Tables-10-11) 
and 0.03-0.10 per cell in 0.50-2.00% aniline respectively 
(Table-12; Plate-19i). 
The frequency of bridges increased from 0.03-0.06 per 
cell in 10-50KR gamma rays (Table-10); 0.03-0.10 per cell in 
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0.10-2.00% SA (Table-11) and 0.03-0.06 per cell in 1.00-2.00 
aniline respectively (Table-12; Plate-17h; Plate-19i). 
The disoriented chromosome increased from 0.03-0.06 per 
cell in 20-50KR gamma rays (Table-10); 0.03-0.10 per cell in 
0.25-2.00% SA (Table-11) and 0.03-0.10 per cell in 1.00-2.00% 
aniline (Table-12). 
(iv) Telophase 11 
At telophase II, although micronuclei , laggards and 
bridges were observed in treated populat ions, their f requencies 
were much lesser than other abnormalit ies of second stages. 
The micronuclei at telophase observed in 0.03-0.06 per 
cell in 40-50KR gamma rays treatments, more over they 
occurred to be 0.10 per cell in 1.00-2.00% SA and 0.03 per cell 
(constant) 1.25-2.00% aniline (Tables-10-12). The laggards 
increased from 0.03-0.13 per cell in 30-50KR gamma rays; 
0.03-0.13 per cell in 0.50-2.00% SA and 0.03-0.10 per cell in 
0.75-2.00% aniline respectively (Tables-10-12; Plate-17i ,Plate-
18i). 
The bridges also increased from 0.03-0.06 per cell in 20-
50KR gamma rays. 1.25-2.00% SA and 1.50-2.00% aniline 
respectively (Tables-10-12; Plate-17i, 18i). 
4.2 OBSERVATION IN Mj GENERATION 
The seeds obtained from selfed f lowers of all treated 
plants of Ml were collected and sown in M2 generation. In 
addition, the seeds of selected induced variants were also 
64 
s o 
B 
O 
B 
> 
(J • •M 
O 
s 
•o 
B 
09 >> 
et u 
es s s 9t 1311 
s b o 
B ja 
e s 
s o w O 
S o u ja 
U 
I 
la 
e s 
H 
O 
V) 
e 
a o 
U 
> u 
Q CO 
> U 
Q cn 
U 
Q 
> U 
Q 
vs 41 
M e 
e 
(A 
'W U es u 
es 
© 'S 
w V U) es 
00 M <o ao <s <N 
«0 v-l 00 
M <o 
00 
eo 
d 
00 
d 
00 t—< 
d 
(S oo 
d 
00 
d 
s m o 
d 
o 
d 
s m O 
d 
00 
i 
00 <o 00 <r> 
i 
oo 
f—I 
d 
00 
d 
00 1-N 
d 
o CO O m O 
1 
•s 
I 
1 
f 
I 
I 
I 
I 
f 
I 
1 
U5 c o pj 
ll c4 > 
o 
•M tj u 
o 
u o o > 
<J 
c o 
•I-' eu 
u T3 
TJ a a •M 
Q 
C/3 
d 
u 
S I 
s 
> u 
N 
m o m' m m 
«N 
<o 
o 
Tt-00 
ts fS t 
M 
(S <s t 
t 00 
(S CM 
r-o\ 
fn m ro 
Tf 
00 
<s <s t 
06 
e 
V) 
Q cn 
o o tn <s fs <s 
d d d d d d d d d 
o o C<1 vo vO vo vO 
—< o o o —I o 
d d d d d d d d d 
> u 
<M <N •rt 00 00 ae 00 00 <o Ov 00 
c>i <o <s «s 00 00° <N o <s o ts o o m <S m •<t VO VO 
a cn 
cs 
o d 
o o >o 00 00 >ri to ts (N Tj- ts 
d d d d d d d d VO \o 
o VO o VO m o PH O o O o o 
d d d d d d d d d 
> U 
00 00 •t 00 00 00 rf-00 <n 00 tr> 00 
oo cs oo ts 00 00 ' OO cs o fS © <N o o o ts VO VO VO VO VO Tt 
e 
O 
CO 
«0 
o 
d 
<ri 00 "O oo 00 00 in cs ts ts 
d d d d d d d 
o 
VO o o o m O O o o 
B 
e 
es u V s v 
O 
B 
e 
•mm 
•M 
> 
•mm "O 
B 
e 
s 0) 
E 
C8 0) b 
< 
08 
S 
e 
s A 
€ 8 
E o 
V3 o 
E o 
I 
!o OS 
H 
V) 
V) 
o 
'W 
e e U 
e8 
'S 
Q 
> U 
o 
> 
Q 
> U 
o (A 
w e ^ o 
'-S 
k C( V k 
a « 
w e 
JS o 
U U 
M « 
M 
M 
00 
00 
8 
00 
d 
m 
o d 
00 
00 
s 
00 
d 
o 
a 
I 
oi 
9 
u-l <s 
d 
00 in 
00 
s 
00 
d 
f<i 
o 
d 
3 
I 
u-i CN 
d 
00 m 
i 
00 l-N 
d 
o 
d 
00 
00 
d 
s 
I 
I 
O I 
i 
2 2 o 
ci" 
o 9 
cr 
1 1 1 
I 
I 
W5 a 
o 
'C Cj > 
C u 
u G 
u o u > 
U 
G O 
2 
u 
rJ •O a +-> 
(/3 
Q 
czi 
d" 
<u 
1 
a 
I 
> u 
00 CN (N ^ r-0\ <s <s <N »—t <S Tf 00 
«s ts -sr 
1 
o rn o 
m m m 
m o m 
<n 
o M 
m o 
m 
o tr, 
rvi 
e 
e o 1/1 <s 1 O o m m TT o o o m •"T in fS 
CA o O o d d d d O o 
o 1 
O o o o o >o o 
o o o d d d d d d 
> 00 
n tN <N 00 m TT 00 
u «s CS rf 
m o 
f<i 
o 
fO 
CO 
m o M 
ir> 
o 00 o vo m 
<N 
<S 
V) 
t - o 
m 
<N 1 
o trt o fO fo O m o m 00 r'l m (N Vi o O O d d d d d d 
s 
vo o 1 
o o o o ro o f) vo o 
o o o d d d d d d 
> u 
00 n 00 t 00 <N ts 00 00 m (M TJ-00 
00 o o 
1 <N <N •<r 
<s fS 
m O m 
m o f i 
<N 
<S TT 
00 o vo 
m 
o ro 
<s <s 
e 
tf) fi 00 1 
>n fS <s o m o in <s 00 O f i 
in 
<N 
o o o d d d d d d 
IT) o 1 vo O o o o vo o fO o o vo o 
o o o d d d d d d 
> 00 m 00 >o TT 90 <s »—< TT 00 m 00 •n M 00 m 
^ 
u 00 o vo 
1 go 
o vo 
«S 
fS 
f 
o m 
(S 
fN 
00 o vo 
00 o vo 
u-i 
o 
M 
00 o 
lO 
V) 
«s Q 
00 
1 
«0 m 
«s o ro 
m 
<S 00 00 o fO 00 
CO d d d d d d d d d 
s 
ro o 1 
fO 
o o o vo o o fO o o o 
d d d d d d d d d 
> U 
00 "A 00 n 00 IT 00 00 in 00 in TT 00 
1 1 00 
o <s M •<r 
ri <s 00 o 
vo 
00 o 
vo 
<s <s 
1 
e 
e o 1 t 00 >n <s 
iri 
<s 
iri 
(S 
00 00 >n <s 1 
»-< CO d d d d d d d 
s 1 1 
fO 
o vo o vo o 
vo 
o o 
rr, 
o vo o 1 
d d d d d d d 
> u 
00 00 00 m 00 00 in 00 
V) 
1 1 00 o vo 
r-i <s •f 
00 o vo 
ri fN 00 o vo 
1 <N (S 
1 
fi 1 00 1/1 <s 00 m (N 00 1 m 
• 
e 
CO d d d d d d 
1 1 o 
d 
vo 
o 
d 
ro o 
d 
vo o 
d 
ro 
o 
d 
1 
1 vo o 
d 
1 
> 00 in TT 00 00 00 m 00 m 00 m 
U 1 1 00 o 
vo 
(N 
<N 
(S 
00 
o 
vo 
00 
o 
vo 
1 00 
o 
vo 
1 
o 
V) fi 1 1 
00 
<N 
in 
<s 
00 
1—" 00 1 
00 
1 
• 
o CO d d d d d d 
1 1 
m 
O 
d 
vo 
o 
d 
vo 
o 
d 
fo 
o 
d 
f<^  
o 
d 
1 
ro 
o 
d 
1 
00 
e 
e 
•w 09 u 
e 
O 
B e • M M > 
u 
.2 'S 
B 
s 
B 
s 
A V 
-w 
B 
B «« 
08 s u 
o 
B JQ 0« 
"oB s o w o s e 
08 
H 
i 
s 
i e 
o h 
a 
Q 
o 
CM 
> u 
Q CA 
I t 
00 m 00 
s 
6 
00 
d 
»o o s d 
I 
! 
t 
I 
1 
•s 
I 
I 
e u 
o 
£ « 
o o > 
cJ 
c 
o 
> u 
•T3 d cd 
CAl 
I 
Q 
C cS U 
s 
1 
o\ 
> U 
s 
^ 
fS 5; 
m fo tf) i 
s 
oi <s 
2 •/S o 
00 m 
00 
s 
<s t—< 
uS © tn 
oi <N 
e 
e 
r i 
o 
cn 
m 
fS O d o d 
m 
<S 
d 
o m 
d 
00 
d d 
m 
<S 
d 
S 
d 
o 
d 
fO 
d 
o 
d 
S 
d 
o 
d 
CO © 
d 
© d s d 
> u S 
<s 
»ri 
ts 
vn o m 
S 
ri 
Q! 
s 
s f 
S (S 
i 
S CS 
V) 
t -
o 
CO 
00 
© d d 
o 
m 
d 
in n 
d 
<s 
d 
00 
d d 
>r\ 
© 
tri 
O 
d 
o 
d 
o t 
d 
o 
d 
s 
d 
g d s d 
© d s d 
> u 1 s a t s g <s © fO s <s 00 00 s 00 s s 00 s 
e 
V) • 
o 
(A 
00 
d 
m 
3 
s 
d 
© 
d (S 
d 
00 
d 
00 
d 
(S 
d 
00 
d 
s 
d 
s 
d 
s 
d 
© 
t—" 
d 
s 
d 
CO © 
d 
© d ^ d 
m © 
d 
> u 1 1 
00 
s § 
00 m 
00 
s 
00 m 
i i 
1 
m M 
i-( 
o 
CO 1 
00 1—i 
d 
00 
d 
es 
d 
00 
d 
00 
d 
00 
d d 
1 
1 s 
d 
n 
o 
d 
s 
d 
o 
d 
© d © d ^ d • 
> u 1 
i 
00 vi 
a t 
K 
00 s 
00 
00 
s 
1 s « 1 
S? o e 
o 
CO 1 
oe 
d 
00 
d 
1/1 fS o 
00 t—< 
d 
00 
d 
1 JQ 
d 
1 
iM 
1 s 
d 
s 
d 
s 
d 
ro o d 
fn © 
d 
1 g d 1 
> o 1 K s d 
1 1 1 S 1 
^ m t-* e 
o 
CO 1 
00 
d 
00 
d 
<s 
d • • 1 
00 
d 
1 
• 
s 
d 
m o d g d • 1 1 
m © 
o 
1 
o r-
collected and sown separately for M2 studies. The parameters of 
the study were same as in Mi generation. 
4.2.1 SEED GERMINATION 
Although the germination percentage in treated 
populations was lower than control in M2 generation, but 
comparatively higher than those in Mi generation. 
In Mi generation the germination percentage decreased 
from 97.00%-72.5% in control to 50KR gamma rays. In SA and 
aniline they decreased to 70.2% and 73.2% in their highest 
concentrations respectively (Tables 13-15; Graphs-1,2,5). 
The injury in germination increased with increasing 
concentrations but it was lesser as compared to that of M] 
generation showing that the effect of the mutagens ceased to 
some extent in M2 and therefore, the inhibition was less severe. 
They increased from 7.2-25.7% in 5-50KR gamma rays, 2.0-
27.8% in 0.05-2% SA and 3.0-24.7% in 0.05-2% aniline (Tables 
13-15). 
4.2.2 FREQUENCY OF MUTATIONS 
The mutations were generally dose dependent. Their 
frequency was found to increase with increasing doses/ 
concentrations from 16.4-26.3 in 10-50KR gamma rays, 15.2-
28.5% in 0.1-2.0% SA and 15.7-28.7% in 0.1-2.0% aniline 
(Tables 13-15; Graphs-2,4,6). The frequency of mutations was 
less in M2 as compared to the variations in Mi generation. 
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4.2.3 MUTAGENIC EFFECTIVENESS AND EFFICIENCY 
In gamma rays treatment the mutagenic effectiveness was 
the highest (1.60) in 5 KR gamma rays and then decreased to 
the minimum 0.36 in 50KR. Similarly the lower concentrations 
of SA and aniline (0.1% conc.) were the most effective and the 
values were 5.00 and 4.16 and decrease gradually to 0.45 and 
0.41 in 2% concentration respectively (Tables 16-18). The 
order of mutagens based upon their effectiveness was SA> 
aniline>gamma rays. 
The mutagenic efficiency was worked out on the basis of 
seedling injury (Mp/I) and pollen sterility (Mp/S). It showed a 
decline with increasing doses/concentrations in gamma rays, 
SA and aniline (Tables 16-18). 
The mutagenic efficiency on the basis of seedling injury 
ranged between 1.11-0.70 in 5-50KR gamma rays, 4.00-0.79 
and 2.00-0.80 in 0.05-2.0% concentrations of SA and aniline 
respectively (Tables-16-18). The maximum values were 
obtained in SA followed by aniline and gamma rays. The value 
of eff iciency on the basis of pollen sterility were 5.19-0.72, 
5.33-1.00 and 2.40-0.89 in 5-50KR gamma rays, and 0.05-2.0% 
SA and aniline respectively (Tables 16-18). On the basis of 
pollen sterility SA was found to be the most eff icient followed 
by gamma rays and aniline. 
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4.2.4 H E I G H T OF MATURE PLANTS 
The average height of mature plants in M2 generation was 
comparatively more than Mi generation in all treatments. The 
maximum height observed in control was 95.47 cm. In gamma 
rays treated populations it ranged between 93.33-83.43 cms in 
5-50KR, 93.93-66.OOcms in SA and 95.50-67.43 cms in aniline 
in 0.05-2% concentrations (Tables 19-21; Graphs-7,11,15). The 
average height of plants generally decreased with increasing 
concentrations of all mutagens (Tables 19-21). However taller 
mutants have been isolated from otherwise general height 
decreasing trends in treated populations. 
The reduction in average height of plants were significant 
at 5% level in 40KR gamma rays and 0.5% SA and significant 
at 1% level in 50KR gamma rays and 0.75-2.0% SA and aniline 
concentrations (Tables 19-21). 
4.2.5 NUMBER OF BRANCHES PER PLANT 
The average number of branches decreased linearly with 
increasing concentrations of gamma rays, SA and aniline, that 
is, from 8.27 (control) to 7.23 in 50KR gamma rays, 5.87 in 2% 
SA and 6.53 in 2% aniline (Tables 19-21; Graph-7,11,15). 
The reduction in average number of branches were 
significant at 5% level in 10-30KR gamma rays, 0.25% SA and 
0.75% aniline and significant at 1% level in 40-50KR gamma rays, 
0.5-2% SA and 1.00-2% aniline concentrations. Moreover they 
were insignificant in 5KR gamma rays, 0.05-0.1% SA and 0.05-
0.5% aniline (Tables 19-21). 
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4.2.6 Number of inflorescencciS,umbels and flowers 
Similar to branching these parameters also showed a 
decreasing trend with increasing concentrations of gamma rays, 
SA and aniline. 
Reduction in the average number of inflorescence was 
significant at 5% level in 5-20KR gamma rays, 0.05% SA and 
significant at 1% level in 30-50KR gamma rays, 0.1-2% SA and 
0.05-2% aniline (Tables 19-21; Graphs-8,12,15). 
The number of umbels reduced significantly to 5% level 
in 20KR gamma rays, 0.5% SA and in 0.25% aniline 
concentrations and significant at 1% level in 30-50KR gamma 
rays, 0.75-2% SA and 0.5-2% aniline. In rest of the 
concentrations the data were insignificant (Tables 19-21; 
Graphs-9,13,17). 
In the case of number of flowers the reduction was 
significant at 5% level in only 1.0% SA and significant at 1% 
level in 50KR gamma rays, 1.25-2% SA and in 1.25-2.0% 
aniline, whereas in 5-40KR gamma rays 0.05-0.75% and 0.05-
1% aniline the reduction was insignificant. 
4.2.7 YIELD 
The weight of seeds per plant and weight per 100 seeds 
decreased with increasing concentrations but the yield was 
generally higher than Mi in all the treated populations of M2 
(Tables 19-21). 
The decrease in the average weight of seeds per plant 
from lO.OOg (control) to 3.08 in 50KR gamma rays, 3.14g in 2% 
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SA and 2.98g in 2% aniline was significant at 5% level in lOKR 
gamma rays, 0.25% SA and 0.25% aniline and significant at 1% 
level in 20-50KR gamma rays, 0.5-2.0% SA and 0.5-2% aniline 
(Tables 19-21; Graphs-9,13,17). 
The weight per 100 seeds in control was 45.00mg. It 
decreased from 44.20-32.12 mg in 5-50KR gamma rays, 45.SO-
SO.OBmg in 0.05-2% SA and 45.20-30.00 mg in 0.05-2% aniline 
(Tables 19-21; Graphs-10,14,18). 
The decrease in weight of 100 seeds was significant at 5% 
level in 20KR gamma rays, 1.5-1.75% SA and 1.00-1.25% 
aniline and significant at 1% level in 30-50KR gamma rays, 
2.0% SA and 1.5-2.0% aniline (Tables 19-21;Graphs-10,14,18). 
4.2.8 POLLEN FERTILITY 
The pollen ferti l i ty also decreased from 97.00% (control) 
to 72.8% in 50KR gamma rays 75.7% in 2% SA and 75.2% in 
2% aniline (Tables 19-21; Graphs-10,14,18). 
Percentage reduction in relative pollen ferti l i ty increased 
with increasing doses/concentrations of mutagens but it was 
lesser as compared to that of Mi generation (Tables 19-21). The 
highest reduction in pollen ferti l i ty was recorded in gamma 
rays followed by SA and aniline. 
4.2 .9 SELECTED MUTANTS IN Mj GENERATION 
The control plants showed no morphological variations 
with an average height of 95.47 cm and normal branching (7.0 
per plant), whereas in lOKR gamma rays an erect plant, with 
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normal height and normal yield but profuse branches was 
obtained (Table 22). 
In 30KR gamma rays an erect, dwarf mutant with lesser 
number of branches and poor yield, in 40KR gamma rays an 
erect, tall, healthy, high yielding mutant and in 50KR gamma 
rays an erect, tall and healthy mutant bearing increased number 
of branches, bigger sized flowers and higher yield were isolated 
(Table 22). In 0.1% SA the mutant was erect, tall and healthy 
with higher yield. In 1.25% SA the mutant was erect and dwarf 
with less number of branches and poor yield. In 1.75% SA the 
mutant erect, very densely branched and high yielding. In 2.0% 
SA the mutant exhibited was semi-erect, dwarf, less branching 
and poor yielding characters (Table 22). 
In 0.5% and 1.75% aniline the mutant was erect, tall, 
profusely branched and high yielding. In 1.0% aniline the 
mutant was erect, dwarf, normal branching and poor yielding. 
In 1.25% aniline the plant was semi-erect, medium height and 
branching and high yielding. In 2.0% aniline the mutant was 
erect, dwarf with less number of inflorescences and poor yield 
(Table 22). 
OBSERVATIONS IN Mj GENERATION 
4 .2 .10 Meiot ic s tudies in M2 generat ion 
Cytological analysis in M2 generations was done from the 
plants raised from seeds of selected variants of Mi, generation. 
The treated populations showed less variations as compared to 
those in Mi, except some selected characters which could to be 
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detected in Mi but appeared in M2 as true recessive mutants. 
The parameters of cytological analysis were same as in Mi. 
4.2.10(i) Abnormalities at dialcinesis 
(i) Chiasma frequency at Diakinesis (Prophase I) 
The chiasma frequency per bivalent decreased from 1.75 
in (control) to 1.48 in 50KR gamma rays, 1.47 in 2.00% SA and 
1.49 in 2.00% aniline (Tables 23-25). This showed that the 
frequency of bivalents decreased in higher concentrations of 
the mutagens. 
(ii) Multivalent 
Multivalents could not be seen at diakinesis in control 
plant. Their frequencies were 0.03-0.06 per cell in 30-50KR 
gamma rays; 1.25-2.00% SA and 1.00-2.00% aniline 
respectively (Tables 23-25). The C.Vs decreased with the 
increasing frequencies per cell probably due to more 
homogeneous effect of higher doses of the mutagens on the 
plants, there by minimizing the random effect. 
(iii) Univalent 
The frequencies of univalens were 0.03-0.20 per cell in 
10-50KR rays (Table-23); 0.03-0.30 per cell in 0.10-2.00% SA 
(Table-24) and 0.03-0.23 per cell in 0.25-2.00% aniline (Table-
25). 
(iv) Stickiness 
Stickiness per cell increased with the increasing 
concentrations of all mutagens. Their frequencies where 0.03-
0.13 per cell in 30-50KR gamma rays and 0.50-2.00% aniline 
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and 0.03-0.20 per cell in 0.25-2.00% SA respectively (Tables 
23-25). 
4.2.10(11) Abnormalities and Metaphase I 
(i) Chiasma frequency 
Chisama frequency per bivalent also followed the 
decreasing trend in the treated population. In control it was per 
bivalent while reduced from 1.56-1.34 per bivalent in 5-50KR 
gamma rays 1.58-1.24; per bivalent in 0.05-2.00% SA and 1.53-
1.23 per bivalent in 0.05-2.00% aniline (Tables 23-25). 
Generally the CVs was more than control. 
(ii) Multivalent 
The frequency of multivalents at metaphase I in M2 
generations was very low. They ranged between 0.03-0.06 per 
cell in 30-50KR gamma rays, 1.25-2.00% SA and 1.00-2.00% 
aniline (Tables-23-25). The increasing doses/concentrations of 
mutagens did not appear to induce multivalent formation since 
their frequency was constant in all treatments. 
(iii) Univalents 
The univalents increased from 0.03-0.13 per cell in 20-
50KR gamma rays, 0.06-0.23 per cell in 0.10-2.00% in SA and 
0.03-0.20 per cell in 0.10-2.00% aniline respectively (Tables-
23-25). 
(iv) Stickiness 
The sticky chromosomes were 0.03-0.16 per cell in 20-
50KR gamma rays, 0.03-0.23 per cell in 0.10-2.00% SA and 
0.03-0.16 per cell in 0.25-2.00% aniline (Tables-23-25). 
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(v) Precocious separation 
The frequency of precocious separating chromosomes was 
0.03-0.10 per cell in30-50KR gamma rays; 0.03-0.06 per cell in 
0.50-2.00% SA and aniline (Tables-23-25). 
4.2.10 (iii) Abnormalities at anaphase I 
The common abnormalities at anaphase I were laggards, 
bridges, unequal division of chromosomes and unsynchronized 
movement of chromosomes. Their frequencies were generally 
lower than in Mi generation. 
(i) Laggards: 
The frequency of laggards ranged between 0.03-0.13 per 
cell in 10-50KR gamma rays; 0.03-0.16 per cell in 0.10-2.00% 
SA and aniline respectively (Tables 23-25). 
(ii) Bridges 
Bridges were not present in control. Their frequencies 
increased from 0.03-0.10 per cell in20-50KR gamma rays and 
0.50-2.00% SA and from 0.03-0.06 per cell in 0.75-2.00% 
aniline (Tables-23-25). 
(iii) Unequal division of chromosomes 
The frequency of unequal division of chromosomes was 
0.03 per cell in 50KR gamma rays, whereas it increased from 
0.03-0.06 per cell in 1.50-2.00% SA and aniline respectively 
(Tables 23-25). 
(iv) Unsynchronized movement of chromosomes 
The average number of unsynchronized movement of 
chromosomes ranged between 0.03-0.06 per cell in 30-50KR 
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gamma rays and 1.00-2.00% aniline and 0.03-0.13 per cell in 
1.00-2.0% SA (Tables 23-24). 
4.2.10 (iv) Abnormalities at telophase I 
The common abnormalities at telophase I were laggards 
and bridges with their varying frequencies in different doses. 
(i) Laggards 
The laggards were not present in control. Their 
frequencies increased from 0.03-0.13 per cell in 30-50KR 
gamma rays; 0.03-0.10 per cell in 0.25-2.00% SA and 0.75-
2.00% aniline (Tables 23-25). 
(ii) Bridges 
Bridges could not be seen in control whereas they 
occurred to be 0.03 per cell in 50KR gamma rays and increased 
from 0.03-0.06 per cell in 1.50-2.00% SA and 1.75-2.00% 
aniline concentrations respectively (Tables 23-25). 
Abnormalities of second meiotic stages 
The chromosomal abnormalities at second meiotic stages 
in M2 generation were insignificant and their frequencies were 
lower as compared to Mi generation as well as meiosis 1 of M2 
generation, 
(i) Prophase II 
At prophase II the laggards were observed in y-rays, SA 
and aniline treatments. Its frequency increased from 0.03-0.06 
per cell in 40-50KR gamma rays, 1.50-2.00% SA and 1.50-
2.00% aniline (Tables 26-28). 
92 
e 
'•M 
es u 
e 
O 
e o 
'ce 
• mt 
> 
• ml 
•o 
u •m •W o 
'5 
S 
M 
d 4> s •M OS V u •M 
b 
e« s s e« M 
G 
• mi 
ta 
es 
E b. 
o e JS ct 
73 & 
o tn o 
B 
o 
r* I 
£ ct 
H 
e 
a e 
U 
u 
A 
u 
Vi 
> 
O) 
ON OS o 
00 
•T) (M >n oo 
00 >n 
a o ' O O ' - ' O O O O o o O O O O O VO Tl g t» t«. g 
SO — — ^ 
m vo oo Os ts — 
(S 
ro 00 o o ® . ^ . o o o o - " . o o o o o CO o o 
vo ro ON V O O o O - " ^ O O O O O O O O O O 
?? O iS - o 
vo <N On ON ON >0 00 • • O O O ^ ' - o o o o o o o o o o Tj- ^ t^  NO 
^ ro NO 
o o o o o o o o o o 
«N O ro O 
fO NO so NO o O O O O O O O O O O o o 00 ^ ^ 
o o O N 
— O o o o 
CO fO 
fo cn o o o o o 
fS ON 
«N o 
>n 
<s 
«s ts 
^ —• 
O O § s o o o o o 
M V M 
e 
Q 
M b u 
u A b 
o 
'S 
122 
a u 
= i I 
M (« PN 
u (M o 
6-V 
- ^ w U 
rt u a M c4 
'mt ji o 
o 
<n 
d 
> 
a 
U ;; 
•n 
€ 
"<3 > 
0 g 
U 
u 
m M U d 
o 
u u 
d u 
"13 > 
X) 
"cS rt o 
u o 
t« 
e 
V) (4 
M y 
rt 
B in 
.2 y 3 g 
U o 
00 Wl U d 
y 
u o 
d 
13 
d 3 
u y 
o. u 
CO 
W) S o 
u y 
in r) y o y u 
4> y 
v> u 
00 T3 (4 M i; 00 u. 
u y 
> 
'•B 
13 3 o-o d 3 
u y 
> o 
e 
"O u N 
"d o ii JS y 
d 
tn d 3 
"u y u tn y •o V) tH U rt 00 00 00 kM X) 
s K 
** 
-
u u V) y « u Rt .d a 
13 H 
M) 
M 
V) l« M a o h 
.d Q. 
U 
M (4 JS a (4 d eu < 
> 
o 
*•> 
d u y 
£ y 
o y 
> 
U 
d" o 
> u T3 
nJ •O C ti 
on 
Q 
c/j 
d" rt w 
s 
1 
O 
ot 
o fO 
ei 
e 
n 
> U 
tzi 
VO VO i n m t s i n VO m o o 00 m f n 00 
0 \ CM >n CM m ( S < s •<t •<t r o •<t r o — ( N •<t 
CM d d d d <N d d d d d d d d d d d 
> U 
Q 
CO 
> U 
Q 
> U 
Q 
(XI 
00 
oe 
en o CM r- CM 0 0 •t On 't 0 0 Ov OV 00 CM ON Ov >n 0 0 ON 00 m fS m 2 vd 
f S OO «n m m 0 0 rl f O m 
CM f n CM 0 0 m o o o CM ro 0 0 cs f o <N f n VO T t o vo 
00 o cs vc o 
— O 
— ^ O 2 
VO 
O 
VO ro o ro C5 rri o NO O ro m o 
d d d d d d d d d d 
fn 
VO 
On CN 
vd 
0 0 0 0 CM 
m 
00 CM CM • t Tf o\ in «n CM m •-H —; 0 0 0 0 0 0 
CO oo ' oo' 0 0 m iri CM CM <N" o o o o O CM CM CM m VO VO VO m Tj-
00 iT) •rt 00 
00 cs 
O CM VO Tt 
Tj-00 
CN 
00 
o o d 
CS TT 00 OS — VO 
d cm" 
ro 00 o — cn o m <N in >n fS oo ^ CN 
o 00 
>n o 
fo 
o 
CO 
f l On m 
m o o o 
d d d in — d d d 
VO o VO o VO o o VO o 
ON 
tn "•I rj^ 
— « 
00 
00 o 
VO 
00 
>o o 
NO 
m 
t -
VO 
0 0 0 0 CM 0 0 
i n m 
0 0 0 0 i n 00 
O o o o 
VO VO r o VO o 
00 
00 o 
VO 
00 
00 o 
00 
<n 
oo' o 
vo 
VO r o 00 o o CM r o 00 o o o 
VO CS * T f f o 
CM d d d d CM d d d d 
00 O 00 o o 00 
o o 
o 
so O f f ) VO — m o fO o 
CM 
VO 
- O o z: 
CM f O 
o o o CO o o r o O 
-H' d d d d d d 
rr) o o 
m S q 
ro 
*rt —H 
vb so 
00 
>o 
00 o 
NO 
00 
00 o 
NO 
00 
cs 
t s 
00 
00 
o 
VO 
VO 
r -
1- o 
CM m CM 00 
CM 
in 
CM 
00 00 in 00 
CM — 
iS ve o 
VO — 
d 
. m O O 
VO 
O o 
s e 
08 
b 
V 
B 
4> 
o 
B 
O 
M 
« 
'S 
E 
M 
s 
S 
cs « 
u -w 
c» 
0) 
es 
E 
b. o 
B JS 9S 
E 
o 
M 
o 
S 
o 
h 
•rr 
c« 
H 
> U 
e Q Vi 
> u 
•n a 
> u 
e O CO 
> U 
V) a 
CO 
U 
e 
fl 
e 
U 
CO 
M h 
w <-> 
u « 
la « 
e ••a u 
fl e 
i 
a 
V u fl e U 
^ OS in" iri 
<s 
s s 90 r-
s ^ * s * C<i r'l so fS 00 o © «s Q r4 o ^ ® ^ vo 
00 
a 
N © d 
«o IT) 00 in 00 00 
(S o 
o o o o o o o o o 
51 
© —• ©• ©• ©• ©• ©• o 
2 § s 00 pj s 00 cs * 00 in 06 <n o 00 m' © <s © © © 00 © 
3 ® 5! ® 
P. S © 
<n o o o N v o 0 0 © m oo 
©• ©• <s ©• ©• ©• ©• o 
3 
m 
« O * — © © 
00 fO o 
Tf o © - © S © © © © © 
S — o © © © 
S S S?. 
© © S ol o i 00 
00 <n 3 
i § 
00 in 
© © © o © 
in t«i 00 >-i 00 
in N <-< © o cs n ri ©• ©• 
« m 00 
© © © © o © © 
© © © © 
S « p © © © o ® © © © © © 
2 — © © © © 
ON 00 ro 
^ 0 © 0 ® ^ 0 © © © © © 0 © © 0 
Sen o\ m • i © © © * ^ . © © © © © © © © © © cs o <s © 
S 2 90 ^ ' ® © © © ^ - ' ^ © © © © © © © o © © 
SS — . 2 © © © ! ? - ^ © © © © © © © © © o ^ © d CO 
cs en cs « ^ © © © © © o © © © o fS © cs © 
I ^ 0 © 0 ^ - ' ^ © 0 © © © 0 0 © © 0 
g* I . . (b tb s a 
I 
W1 
c 
o 
a 
' f t IH rt > 
<4-1 
o 
d u 
o 
£ u o 
o 
> 
U 
d 
o 
2 
<u •T3 
b cd T3 
d 
rt 
00 
t\ 
d 
rt 
u 
1 
> S3 
eo 00* 
s s 
S 
9 
5 
<o 
00 t-l 
ON CM 
oo' 
Tf 
00_ 
CS <s 
OS o 
s 
ON o 
s s 1 
CM 
i 
r i CS t 
r-
ON 
CO ro CO 
CS l-H 
© CO 
s 
oi rvl 
i 
a 
CO 
<n o 
CO 
cs 
o 
VO 
o 
<o 
tN 
d 
in 
d 
fS lO CS <s 
d d 
s 
d 
00 <r> 
d 
s 
d d 
s 
d 
CS 
d 
CO 
d 
© 
CO 
d 
in 
CS 
d 
s VO ^ 
s;. 
1-! d 
^ d § d 
fn 
^ 
s 
d 
m 
CM 
d 
CS 
d 
s 
d 
so 
d 
© 
d ^ d 
CO 
d 
© 
d i 
> U ON 
r-
eo ^ 
rn s 
S 
s 
oo' 00 <s 
<n OS 
en i-H 
00 
00 
f»i 
S 
CS CS Tf 
o CS 
00 
00 
CM 
OS 
o 
g 
S r i CM t 
fO CO fO § 
00 CS f--
iri 
O fO 
« CS CM 
00 
<n 
so 
s 
fi 
CO 
^ 
en o 
fS <r> 
d 
s 
d d 
^ 
d CM 
d 
^ d 
00 <ri 
d 
CS 
d 
9 
d 
CS 
d 
00 
d 
o CO © CM 
00 
d 
§ 
VO d o 
so f-M 
d 
so c>l s 
d 
so 
d 
ro 
CM 
d d 
CO 
d 
S 
d 
ro 
O 
d 
© t 
d d 
ro © 
d 
> 
U 
m o 
OS 00 
s 1 i CS 
s 'it 
r i 
so 
oo 
s 
S 
<s 
s 
CM 
S 
s 
s; 
CO CO CO 
00 lO 
i 
so 
CS CS t 
^ 
CS CM •t 
00 
m 
00 
s 
o 
c« 
o 
rS 
oo 
c* 
o d 
00 
d d «s 
r-
d 
00 
d d d 
>ri 
CS 
d 
CO 
d 
«o 
d 
00 
d 
«ri 
CS 
d 
CM 
d 
00 
d 
f<i 
m 
vo 1—< 
R 
d 
«»> 
o 
d 
2 
d 
o fO 
o 
d 
so 
d 
ro 
CS 
d 
S 
d 
CO 
d 
CO 
O 
d 
fO 
o 
d 
^ d S d 
ro © 
d 
> u « 00 
ON 
oo' I—< i 
00 <r> 
00 
s 
^ 
rr, 
m OS OS 
00 
00 o vo 
r-ON 
m' en m 
o CM 
00 
00 
CM 
S 
CS CS 
r-
Os 
ro" CO ro 
CO <<0 
o 
so in 
so § 
S CS CS 
© 
o 
CO 
tn q r-<s 
d d 
00 
d 
fn 
d 
OS ^ 
(S 
ON 
d 
so 
d 
m 
d d 
<n 
CS 
d 
5 
d 
00 
d 
© 
00 
d 
<ri 
CS 
d 
© 
S 
^ I-H vo <-) 
d 
s 
d 
s 
d 
m 
rN 
CS f»1 m o 
d d 
so 
d 
s 
d 
CO 
d 
CO 
o 
d 
© 
fO © 
d 
s 
d 
© 
> u f : t-' r-" 
1 
o 
fsl 
2 
<S 
vd r-l 
>n CN 
so" o 
CM f—4 
u-i o m 
o CM 
00 
00 
CS 
00 
oo' 
s 
CS W4 
s CO 
00 
© 
00 
i 
00 <o 
00 © 
so 
© 
! o CO o\ CS d i? d o 
o f ) 
d <s' 
CM 
CM 
d 
o 
O m 
d d 
00 f-4 
d d 
00 
d 
o 
00 
d 
00 
d 
© 
^ \d 
d 
' o 
o 
d 
m i-H m o 
o 
d 
so 
d 
CO 
o 
d 
o 
d 
s 
d 
© s 
d 
CO © 
d 
© 
> u 
00 
\o 
s 
vb 
CO 
o 
<s 
i 
r^ ' 
'4-
r-' p-M 
o 
S 
CS CM •«t 
fn n m 
00 >o 3 
S 
00 
00 
8 
© © 
so Wl 
so § 
© 
ss 
JC 
d 
o 
CO d d 
o 
o 
o 
d 
OS SO Tt CS 
d 
o CM 
d 
CO 
d 
00 
d 
CM 
d 
00 
d 
© © 
so 
d 
© 
s 
r-' 
T-l 
s. 
<») 
d 
o 
o 
d 
m 
m 
<r>' 
OS cn o § d 
m 
d 
s 
d 
S 
d 
CO 
o 
d 
© © 
CO © 
d 
© 
e 
o •M 
es u 9i 
a 
O 
e 
o 
09 
'•S 
o • wm 9i 
B 
B « 
S •M 
A « 
h 
V 
B 
B es 
M 
e« 
S 
h 
e 
B 
.Q 
"oS s 
o «9 
o 
S e u 
]b 
e irt a CO 
> u 
Q 
CO 
> U 
Si? o 
CO 
u 
m 
U 
e 
•f a 
e 
U 
a 
CO 
w 
ta W 
u « 
M 
e •M 
S 
fl 
e 
h •f u w W 0 e 
U 
« 
vd s s s 3 
S2 vo ov 
® t-- ® S o ^ S - -
Tt 00 00 ' I -00 <r> 00 
• ' i s 
o o o o o 
<N 
in oo^oo^ m o s o < n 
© © d cs d d d d d 
s 
—• d 
o s 5 5 o 
d 12 -
S 2 S g 
d d d d 
o o o o o 
o 
00 as in vo 00 t <n 00 
S 
o o o o o 
t- 00 00 m 00 <n <n 
o © <s d d d d 
8 S s ^ ^ S S 8 g a ® O O ® ® ® O ® ® O 2 - 0 o o o 
o o o 
<s tn 
On 00 
vd vd o o 
so m oo <n o o o o o 
vo w vo >n 00 oo 
<N © cs O O © 
8 rn ON „ « o o o ^ - > ^ o o p o S o o o o o 2J — S o o 
{C p 
fn f»i © o o ^ J J ^ - o o o o o o o o o o 
fO O VO 
o o o o o o o o o o cs © o 
© © © ^ • ' S o o o o o o o o o o 
8 1-i d 
m Tf — 
^ ' © © o ' ^ ^ o o o o o o o o o o 
fS ON m ts • ^ - ! o o o ' 0 ' ^ o o o o © o o o o o 
f S O c s O 
S 10 S ^ 
^ r - . O O O O O O O O O O 
1 
I 
Vl c o 
(d 
k. efl > 
o 
4-* B u 
"o 
£ u o 
u 
>• 
rj 
c 
> u 73 
rt 73 c 
•M on 
Q 
c/i 
c w u 
s 
> 
u t>4 s 
3 
3 
00 <o 3 NO 
cn vo 1-N <S CS •t 
8 00 00 fS 
5 vS r-CS 
oi CS ^ 1 
CS 
s cn 
CS CS 
s CS CS •t 
CS 
vi o CI 
Tt 00 CS CS Tf 
S ri 
a CO <s d 
00 
d 
(S d 
00 
d fS 
o CS d 
CS d d 
"O "O d d d 
o 
d CS d CS d 
o cn d CS d 
VO 
OS •a; » d S d 
m 
d s. fo 
m CS g d d S d s d 
vo 
d 
o ^ 
d S d s d 
o 
d 
vo o d 
> U s 00 •iMt 
<o o 00 ^ 
s 
S 
3 
3 
o o\ 00 00 
S S od 00 
CI •>t 
S 
3 
3 
Si ci o o 
S CS 
00 
i 
S CS S CS 
00 
od 
8 
!G • o S; d d d 5 d s 
<*) CS d 
<o CS d d 
m u-i d CS d 
d t d 
"n CS 
d 
oo 
d 
<n CS d 
m CS d 
00 
d 
s VO fS d S o d 
s en CS s d 
vo 1—1 d s d d d s d s d S d d s d 
> ao o QO «o S 
3 
3 
ts 
m ed p-i 
>n <rt 00 
S cs" 
5! 
CS 
<o o m 
S 00° 00 CS 
s cs' CS Tt-
s; M m o 
00 
00 
s 
00 <o od o vo 
cs" CS Tt 
CS 
vi o m 
o 
• 
a CO P fO d S! d 
CM d d fS CS d 
v-l CS d 
o fi d ^ d 
<n CS d d 
00 •M 
d 
00 
d CS d 
o en d o 
i-J S d S d 
o 
d 
Ov cs_ s d 
o 
d 
vo 
d d 
o 
d o d 
m o d s d 
O 
d o 
> U VO S ^ M ts 
s (S 
fS 
i 
CS vo r-' 
00 >n 00 s 
Tt 00 CS 
Qi 
r-o\ m' en en 
3 
3 
CS 
i 
S 
a o 
00 cs' CS 
^ 
CS CS •«t 
o 
• a w s; ri « o o 
oo 1—» 
d 
o 
d 
00 
oi CS d 
00 
d 
M-l CS d t d CS d d d o 
<n CS d 
•o CS d o 
vo m vo "Tj I—< 
VO 
d s d 
o 
d 
s CS n t-H 
cn o d s d 
m 
d s d 
o fM 
d d o s d S d o 
> u 
o m vo 
fM W VO 
s? r»i 
00 >o 
i 
s CS 
5! oo' 
cn O ON 
00 >ri 
1 
00 CS 
Qi 
CS I-N <ri o m 
00 <o 
i 
S CS CS * 
00 >o 00 s 
o 
00 
od 
S 
00 in od o vo 
o 
s a CA 
^ eo oi 
s d d 
00 
d jq d oi 
<n CS 
d 
00 
d CS d 
O m d 
00 
d 
<o CS d 
00 
d o 
00 
d 
00 l-H 
d o 
S f<i 
d B d « d 
ro Ov •>t 1—t 
<o C<1 en © d ^ d 
o 
d s d d 
o i-M 
d 
o CO O d d o 
> u <s Pi^  
«s 
o s CS 
Q! 
<o m Ov CS o\ o 
S 
-"t 
en m en 
00 
00 
S 
3 
3 
00 <o o o 
00 
od 
s 
o 
e 
a cn s d d o (S d CS d o 
>o CS d 
r^  
d 
00 
d 
Vl 
o 
00 i-H 
d o o 
00 
d o 
S « 2 d o S d 8 vo ro o 8 d m d o d d o d o o CI O d o 
(ii) Metaphase II 
The frequency of fragments increased from 0.03-0.10 per 
cell in 20-50KR gamma rays 0.03-0.06 per cell in 0.50-2.00% 
SA and 0.75-2.00% aniline respectively (Tables-26-28). 
The frequency of precocious separation increased from 
0.03-0.06 per cell in 30-50KR gamma rays; 0 .75-2.00% SA and 
1.25-2.00% aniline respectively (Table 26-28). 
(iii) Anaphase II 
The laggards bridges and disorientation chromosomes 
were observed at anaphase II. The f requency of laggards 
increased from 0.03-0.10 per cell in 10-50KR gamma rays; 
0 .25-2.00% SA and 0.50-2.00% aniline respectively (Tables-26-
28) . 
The frequency of bridges ranged between 0.03-0.06 per 
cell in 30-50KR gamma rays; 0.50-2.00% SA and 1.00-2.00% 
aniline respectively (Tables 26-28). 
The disoriented chromosomes occurred to be 0.03 per cell 
in 1.75-2.00% SA and 1.75-2.00% aniline while these were 
absent gamma rays, (Tables-26-28). 
Telophase II 
The micronuclei , laggards and bridges were observed at 
telophase II, Their f requency per cell was 0.03 in 50KR gamma 
rays; 0.03-0.06 per cell in 1.75-2.00% SA and 0.03 per cell in 
1.75-2.00% aniline (Tables-26-28). 
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The average number of laggards ranged between 0.03-0.10 
per cell in 30-50KR gamma rays; 0.50-2.00% SA and 0.75-
2.00% aniline respectively. 
The bridges increased insignificantly from 0.03-0.06 per cell 
in 20-50KR gamma rays; 1.25-2.00 SA and 1.50-2.00% aniline 
respectively (Tables-26-28). 
4.3 OBSERVATION IN M3 GENERATION 
All the collected seeds of the treated plants of M2 
generation were sown in M3 generation. Besides the seeds of 
the general treated populations, those of selected and selfed 
mutants of M2 were also sown separately. Cytomorphological 
studies of general as well as selected mutants were carried out. 
The parameters of the study were same as in Mj and M2 
generations. 
The data of control and general treated populations 
recorded on seed germination, frequency of mutations have 
been presented in Tables 29-31. The seed germination in M3 
generation were higher than those in Mi & M2. The frequency 
of mutations was found to be less than those of M2 and 
followed the general trend of increase with increasing 
concentrations of mutagens. The seed germination in M3 
decreased from 98.0% (control) to 70.1, 72.2 and 75.1%. The 
percent injury in germination increased from 0.00 (control) to 
28.5, 26.5 and 23.4%; the frequency of mutations increased 
from 0.00 (control) to 25.7, 26.3 and 26.6%; pollen ferti l i ty 
decreased from 98.0% (control) to 70.5, 72.4 and 74.2% and the 
106 
percentage reduction in pollen fertili ty increased from 0.00 
(control) to 28.0, 26.1% and 24.2 in 50KR gamma rays, 2.00% 
SA and 2.00% aniline respectively (Tables 32-34). 
Height of the mature plants decreased from 96.50cms 
(control) to 83.23, 80.67 and 78.83 cms; the number of 
branches decreased from 10.23 (control) to 8.17, 6.00 and 6.83; 
number of inflorescences decreased from 12.80 (control) to 
10.37, 10.00 and 10.30 per plant; number of umbels decreased 
from 51.50 (control) to 42.07, 40.07 and 36.87; number of 
f lowers per umbels decreased from 36.17 (control) to36.63, 
35.63 and35.23; the weight of seeds per plant decreased from 
10.89 gms (control) to 5.73, 5.25 and 5.21 and the weight per 
100 seeds decreased from 45.20mg (control) to 35.20, 33.20 
and 30.50mg in 50KR gamma rays, 2.00% SA and 2.00% aniline 
respectively (Table 32-34). 
Cytological abnormalities were studied in M3 generation 
also and the parameters were same as in Mi and M2 generations. 
Frequency of abnormalities was found to be lesser in 
comparison to Mi and M2 generation due to repaired DNA 
injuries. 
In M3 generation also the variations induced by different 
mutagens for all the parameters were significant at 5% (*) and 
at 1% level (**) (Tables 32-34), particularly in higher doses. 
Besides, following mutants have been isolated in M3 on the 
basis of cytomorphological characters of plants, flowers and 
yield (Table-35; Plates-12-15). 
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CHAPTER-5 
DISCUSSION 
The present discussion is mainly confined to the effect of 
gamma rays, sodium azide and aniline on seed germination, 
seedling growth, plant morphology, yield, pollen fertility and 
meiotic behaviour in Ammi majus L. The studies on germination 
and biological damages in terms of growth injury at seedling and 
mature stages, survival at maturity, pollen and seed sterility in Mi 
generation and visible mutation frequency in M2 and M3 
generations have been used to evaluate the mutagenic sensitivity 
of the biological system. The probable reasons and explanations 
regarding the mutagenic effects have been discussed. 
5.1 SEED GERMINATION: 
The test of germination is an important parameter to estimate 
the induced effect of mutagen on metabolism, resumed after a 
period of dormancy. Generally a gradual decrease in percent 
germination with increasing concentrations of mutagens has been 
observed. The reduced germination due to inhibitory effect of 
gamma rays and chemical mutagens (SA and aniline), as observed 
in the present investigation in Ammi majus L., has been reported 
by Reddy and Rao (1982) in chilli; Krishna et al. (1984) in rhodes 
grass. Khan and Siddiqui (1987) in mung bean, Jayabalan and Rao 
(1987) in Lycopersicon esculentum L., Lakshmi et al. (1988) in 
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chilli, Filippetti and Pace (1986) in Vicia faba, Srivastava et al. 
(1989) in sugar cane, Maheshwari and Chand (1991 in Hyoscyamus 
muticus, Jain and Agarwal (1993) in Trigonella foenum graecum, 
Kumar et al. (1993) in faba bean, Edwin and Reddy (1993) in 
hexaploid triticales, Reddy et al. (1993) in Helianthus annuus L., 
Singh et al. (1993) in Brassica juncea., Ansari and Siddiqui 
(1995) in Ammi majus L. Anis and Wani (1997) in Trigonella 
foenum graecum and Mitra and Bhowmik (1998) in Nigella saliva 
L.etc. 
Moreover, SA had more severe effect followed by gamma 
rays and aniline. Several workers have attempted to explain the 
causes responsible for inhibition of seed germination. Griffiths 
and Johnson (1962) and Srivastava (1979) considered that 
reduction in germination percentage was due to weakening and 
disturbances of growth process, regulated in early elimination of 
seedlings. Gordon (1967) considered that reduction in germination 
and survivality in mutagen treated plants has been due to different 
factors including delay and/or inhibition of metabolic activity of 
physiological and biochemical processes essential for seed 
germination, which may include the enzyme activity, hormonal 
imbalance, inhibition of mitosis and a change in the balance of 
growth regulators. Krishna et al. (1984) considered that the 
germination inhibition is the immediate effect of mutagens on 
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seeds, the extent depending on the type and dose of mutagen used. 
The inhibition may also be due to the interaction between the 
mutagen and the seed cell system. The imbibed mutagen in the cell 
may imbalance the cell system and inhibit the normal metabolic 
activity. 
It has been observed that mutagens, besides reducing the 
percentage of seed germination, have also caused a remarkable 
delay in the inhibition of seed germination. SA being a respiratory 
inhibitor has caused more delaying effect as compared to gamma 
rays and aniline. The delayed germination as observed in Ammi 
majus L. has also been reported in other plants following 
muagenic treatments Bajaj et al. (1970) in Phaseolus vulgaris by 
gamma irradiation; Pearson et al. (1973) in barley and Rao (1983) 
in Pearl millet by SA. 
Delayed seed germination may be attributed to the 
depression in the rate of mitotic proliferations (Favret, 1963). The 
denatured DNA, after some times may be repaired resulting in the 
activation of biological process involved in germination, thus 
germination may be delayed (Hutterman et al., 1978). Respiration 
inhibition as caused by SA may lead to slow metabolic activity, 
hence delay in germination. 
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5.2 FREQUENCY OF VARIATIONS/MUTATIONS 
Enhancement of the frequency and spectrum of mutation in 
predictable manner and consequent achievement of the desirable 
plant characteristics is an important goal of mutation research 
(Gustafsson, 1941, 1947, 1955, Auerbach 1967, Swaminathan, 
1969). 
The frequency of variations/mutations was found to increase 
in the present experiment with increasing doses/concentrations of 
gamma rays, SA and aniline. The frequency of variations was 
I 
maximum in SA followed by aniline and gamma rays in Mi 
generation and that the frequency of variations was more in Mi 
followed by the mutation in M2 and M3 generations. It means that 
most of the variations occurred as adopted dominant characters in 
Ml but in M2 and M3 the adapted characters were eliminated and 
the recessive mutations appeared along with few dominant 
mutations. Resultantly these were more frequent in aniline 
followed by SA and gamma rays. 
Similar dose dependent increase in the frequency of mutation 
was noted by Vandana (1992) with alkylating agents (EMS & 
DES) on faba bean and Solank and Sharma (2002) with EI. NEU 
and gamma rays on Len culinaris. 
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5.3 SEEDLING GROWTH AND HEIGHT OF MATURE 
PLANTS 
Generally, the average seedling growth and height of mature 
plants decreased with increasing concentrations of mutagens. In 
Ml generation the maximum decrease in height occurred in gamma 
rays followed by SA and aniline. The average height increased in 
M2 and M3 generations respectively. 
Reduced growth of seedlings and mature plants due to 
mutagenic treatments was also observed by many workers in 
various plants, such as Ansari and Siddiqui (1995) in Ammi majus 
L. by EMS; Venkateswarlu et al. (1978) in pigeon pea, Krishna et 
al. (1984) in Rhodes grass by gamma rays; Khan et al. (1987) in 
mung bean by MMS; Ignacimuthu and Babu (1988) in urd bean; 
Arumugam et al. (1997) in barley, Mitra and Bhowmik (1998) in 
Nigella sativa by gamma rays & EMS; Filippetti and Pace (1986) 
in V. faba by gamma rays and EMS; Maheshwari and Chand (1991) 
in Hyoscyamus muticus by gamma rays; Edwin & Reddy (1993) in 
Hexaploid triticales-, Singh et al. (1993) in Brassica juncea-, 
Reddy et al. (1993) in Helianthus annuus\ Jain and Agrawal 
(1993) in Trigonella foenum graecum L; Dhamayanthi and Reddy 
(2000) in chilli pepper by gamma rays and EMS and Singh et al. 
(2000) in urd bean {Vigna mungo L. Hepper). According to 
Gunckel (1957) the possible influence of phytohormones and other 
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physiological disturbances make for stunted plant growth. Mhaske 
(1971) is also of the opinion that the inhibition of growth at higher 
doses of gamma rays was due to physiological imbalances in 
plants. 
Gupta and Sumata (1967) reported that auxin had a rapid 
turn over rate in metabolically active tissues and that the auxin 
biosynthesis is very sensitive to the ionizing radiation hence 
affecting the growth. Ansari and Siddiqui (1995) reported that 
injury caused to the meristematic cells may be responsible for 
reduction in growth. 
Arumugam et al. (1997) considered that the reduction in 
seedling height in mutagenic treatments is generally due to 
physical changes such as inhibition of DNA, inhibition of mitotic 
proliferation and variation in auxin level. However, reduction in 
seedling height may also occur due to chromosomal aberrations 
and breakage during mitotic divisions. 
The facts remain that the chromosomes carrying various 
genes responsible for the life process and expression, are one of 
the most sensitive elements and damage to any part of these vital 
and tiny element are bound to go a long way to bring about various 
physiological and metabolic disorder, which in turn will bring 
about several morphological and growth abnormalities in the plant 
or plant organs. This may be supported by the occurrence of 
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various chromosomal abnormalities induced in Ammi majus L. by 
gamma rays, SA and aniline Therefore, it may be concluded that 
the chromosome and gene mutations are the causes of reduced 
germination and growth of seedlings and mature plants along with 
the physiological reasons as discussed above, 
5.4 VARIATIONS IN LEAF MORPHOLOGY IN SEEDLINGS 
AND MATURE PLANTS 
Variations in the shape, size and number of cotyledonary and 
vegetative leaves, such as notching, poor development, unequal 
size, rudimentary conditions and thickness etc., as observed in 
Ammi majus L., are the common effects of mutagens. Similar 
abnormalities have been induced by irradiation and chemical 
mutagens in Phaseolus vulgaris (Bajaj et al., 1970), Capsicum 
annuum (Rajam, 1982, Rajam and Subhash, 1984), Chloris gayana 
Kunth (Krishna et al., 1984); Eucalyptus tereticornis (Murray and 
Wilson, 1988), and Brinjal {Solarium melongena) (Zeerak, 1990). 
It has been reported by earlier authors that anomaly in the 
proportion of growth hormones in treated materials may be 
responsible for cotyledonary abnormalities (Napp-Zinn, 1955). On 
the other hand, Hagen and Gunckel (1958) found in general that 
where leaf abnormalities occurred there was a concomitant 
increase in the free amino acid content in these leaves. The amino 
acid might have been produced in plenty in Ammi majus also 
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causing leaf variations in present experiment. The types of leaf 
variations were same similar in Mj, M2 and M3 generations but 
their frequencies decreased in M3 generations as compared to 
those in Mi and M2 generations. 
According to Devreux and Mugnozza (1964), the general 
disturbance in metabolic pathway due to irradiation may be one of 
the important factors responsible for such abnormalities. Dubinin 
(1976) opined that several enzymes are involved in the process of 
mutation. These enzymes participate in the whole process at 
various stages and many of the potential lesions are converted into 
mutations a result of enzymatic activity. Whereas Rao (1972) 
attributed that the leaf abnormalities were due to several 
environmental factors, such as fertility of soil, availability of 
water and the degree of luxuriance during growth. Blixt (1972) 
considered that leaf aberrations seemed to be due to actual 
mutation process and these are most easily induced in leguminous 
plants. 
Grover and Virk (1984) and Venkateswarlu et al. (1988) 
explained it on chromosome level and considered that the 
morphological aberrations observed in various types of mutants 
could be due to chromosomal alterations. Since significant 
chromosomal abnormalities have been observed in Ammi majus the 
same may be responsible for the induction of leaf variations. 
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5.5 YIELD 
Generally, the yield decreased as the doses/concentrations of 
gamma rays, SA and aniline increased. In Mi generation, the 
lowest yield was obtained in gamma rays, followed by aniline and 
SA. In M2 generation the trend of yield was similar to Mi 
generation, but in M3 the yield was higher in aniline treated 
progeny than SA and gamma rays. It showed the expression of 
suppressed genes, due to segregation in later generations. 
Moreover, the overall decrease in yield as observed in Ammi majus 
was also reported by Amer and Farah (1976), Reddy and Rao 
(1982), Lakshmi et dl. (1988), Vandana and Dubey (1988) and 
Kumar et al. (1993) by different mutagenic treatments in Vicia 
faba. Similarly, Temple (1990) observed the reduction in yield in 
Lycopersicon esculentum treated with ozone and Maheshwari and 
Chaiid (1991) by gamma radiation in Hyoscyamus muticus. 
As the plant sterility was directly proportional to the 
administered doses and concentrations of mutagens, it can further 
be presumed that the mutagenic treatments probably affected both 
the male and female gametophytes more or less similarly. 
However, pollen sterility appeared to be more responsible, because 
the yield decreased under the condition of high pollen sterility 
(Lakshmi et al., 1988). This effect may also be interpreted as due 
to detrimental mutations, which are supposed to occur more 
125 
frequently than favourable ones (Khamankar, 1974). According to 
Singh and Chowdhury (1972) various chromosomal abnormalities 
appeared to be related with lower pollen fertility and ultimately 
the seed set. Though there was general trend of decrease in yield 
in Ammi majus L; but some positive mutants showing higher yield 
have been isolated in M3 generation. 
5.6 POLLEN FERTILITY/STERILITY 
The pollen fertility decreased with increasing concentrations 
of the mutagens. It was comparatively lower in the first generation 
in all mutagenic treatments but gradually increased in the 
subsequent generations. Pollen fertility in SA was lower than 
gamma rays and aniline in Mi generation. 
The minimum pollen fertility in M2 generation occurred in 
gamma rays followed by aniline and SA, but higher than those in 
Ml generations. In M3 the trend of fertility was gamma rays> SA> 
aniline, but higher than in Mi and M2 generation. Similar 
decreasing fertility has been reported earlier by Athma and Reddi 
(1986) in castor, Jayabalan and Rao (1987) in Lycopersicon 
esculentum L., Vandana and Dubey (1988) in V/c/a faba, Lakshmi 
et al. (1988) in chilli, Ignacimuthu and Babu (1988) in Vigna 
mungo L. (urd) and Vigna radiata (mung beans), Ignacimuthu and 
Sakthivel (1989) in Vigna radiata, Ansari and Siddiqui (1995) in 
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Ammi majus and Mitra and Bhowmik (1998) in Nigella sativa etc. 
Muthusamy and Jayabalan (2002) in cotton etc. 
According to Reddi (1977) sterility is the result of the 
interchange of segments between nonhomologous chromosomes. 
Crispi et al. (1987) found that in barley the Pollen sterility might 
be caused by the environmental interaction with deleterious, 
homozygous recessive minor genes. 
Myres et al. (1992) had put forward the idea that the 
premature degeneration of the tapetum, which serves as a nurse 
tissue to sporogenous cells, might be the reason for increased 
pollen sterility in pea. 
The fact that meiotic abnormalities are responsible for 
pollen sterility, has been supported by Sinha and Godward (1972), 
Krishna et al. (1984), Datta and Biswas (1985); Koul (1990); 
Zeerak (1992); and Consolaro et al. (1996) etc., because meiosis is 
more prone to any conceivable type of disturbances (Darlington, 
1937; Swanson 1957). Reddi and Rao (1982) found that the 
presence of laggards, stickiness, univalents and micronuclei are 
closely associated with sterility. Jayabalan and Rao (1987) 
considered that the pollen sterility which is proportional to 
dosage, seems to be cumulative effects of various abnormal 
meiotic behaviours observed together with some physiological and 
genetic damages induced by breakage of chromosomes. The 
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percentage of pollen sterility was relatively much less in M2 and 
M3 generations than Mi, indicating that some sort of recovery 
mechanism must have operated in the intervening period. It may 
therefore, be assumed that in the irradiated and chemically treated 
populations of Ammi majus L. the cytological (such as, reduced 
chiasma frequency, laggards, stickiness, bridges fragments etc.) 
and physiological causes were responsible for the sterility of 
pollen grains. 
5.7 MUTAGENIC EFFECTIVENESS AND EFFICIENCY 
Mutagenic effectiveness is an index of the response of a 
genotype to the increasing doses of the mutagen. In the present 
experiment generally the mutagenic effectiveness decreased with 
increasing doses/concentrations of mutagens in gamma rays, SA 
and aniline, but the pattern was haphazard. The order of mutagenic 
effectiveness as determined on the basis of mutated plant 
progenies in M2 generation was gamma rays>SA>aniline. 
Moreover, these were found to be more effective at low 
concentrations. The decline in the mutagenic effectiveness at 
higher doses showed that the increase in mutation rate was not 
proportional to the increase in the doses/concentrations of 
mutagens, rather it was found to be inversely proportional. Similar 
results were obtained by Singh and Chaturvedi (1980) in Vigna 
radiata by EMS, NMU, gamma rays and their combined treatments 
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and Solanki and Sharma (1994) in Lens culinaris by gamma rays, 
ethylene imine and N-Nitroso N-ethyl Urea. Considered that 
chemical mutagens (MMS, NMU & HA) showed higher 
effectiveness than gamma rays treatment in rice. 
The mutagenic efficiency indicates the extent of genetic 
damage recorded in M2 generation in relation to the biological 
damage caused in M2. 
The order of mutagenic efficiency was SA>gamma rays> 
aniline. It decreased with increasing doses of gamma rays, SA and 
aniline. At present, the greater efficiency in lower doses is due to 
the fact that the biological damage generally increased with the 
enhancement in the doses at a higher rate than the frequency of 
mutations in M2 at the same dose (Konzak et al., 1965). Solanki 
and Sharma (1994) considered that the higher efficiency of a 
mutagen indicates relatively of a less biological damage (i.e. 
seedling injury, sterility etc.) in relation to the mutation induced. 
Reddy and Rao (1988) reported that SA is more efficient 
than gamma rays alone or in combination. Rao and Rao (1983) 
considered that MMS, NMU and HA showed higher efficiency than 
different doses of gamma rays treatments. Moreover, the results 
indicate that efficiency calculated on the basis of sterility was 
higher than that based on seedling injury. Gaul et al. (1962) 
reported the mutagenic efficiency to be related to sterility and 
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further observed that lower the dose, the higher the efficiency 
because due to less damage the lower dose enables the organism to 
express the induced point mutation successfully. 
The non random pattern of variation in mutagenic 
effectiveness and efficiency in mutagen treatments demonstrates 
that the genotypic responses to different mutagens are of genetic 
origin and depend on the physical and chemical properties of the 
mutagens. 
In the above findings gamma rays was more effective, 
whereas in the case of efficiency SA is on the top, showing that 
they vary in between different mutagens. 
5.8 MEIOTIC ABNORMALITIES: 
As a result of treatment of seeds with physical and chemical 
mutagens, the plants showed varying degrees of meiotic 
irregularities, like reduction in chiasma frequency, univalents, 
multivalents, stickiness, precocious separation of chromosomes, 
laggards, unsynchronized movement, bridges, unequal division, 
micronuclei etc. 
Generally the meiotic irregularities increased with an 
increase in the exposure to gamma rays, SA and aniline. The 
frequency of abnormalities induced in the present series of 
treatments was mostly dose and concentration dependent and 
higher in meiosis I than in meiosis II. 
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5.8.1 CHIASMA FREQUENCY: 
Chiasma formation characterizes the pairing of homologus 
chromosomes at meiosis and controls the degree of recombination, 
besides influencing the fertility. The gamma rays, SA and aniline 
have caused reduction in chiasma frequency per cell and 
perbivalent due to synergistic effect of the treatments. The 
chiasma frequency in Mi generation in the highest doses of gamma 
rays and aniline were comparatively lower than those in M2 
generation but is SA it was insignificantly higher than M2, which 
exhibits the persistent toxic effect of SA in M2 generation also. 
Reduction in chiasma frequency following mutagenic 
treatments has been observed in other plants also, such as Sorghum 
(Sree Ramulu, 1971); Phaseolus (Sinha and Roy, 1976); Pearl 
millet (Singh et al., 1977); (Lai and Srinivasachar, 1979); 
Helianthus annuus (Al-Allaf and Godward, 1979); Chilli (Lakshmi 
et al., 1988); Lentil (Reddy and Annadurai, 1992) and faba bean 
(Khan et al, 1998). 
The reduction in chiasma frequency was attributed to the 
primary action of mutant genes (Gottschalk and Pietrini, 1965); 
the nature and potency of mutagens (Sadanandam and Subhash, 
1984) and also to the underlying factors, such as complex 
structural changes or the change in the nature of genes responsible 
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for chiasma formation. It might also be attributed to the failure of 
complete pairing. 
Lawrence (1961) working with Lolium and Tradescantia 
concluded that the decrease in chiasma frequency following 
mutagenic treatments might possibly occur at two stages, viz. 
during DNA synthesis and sensitive period at/or slightly before the 
stages of chiasma formation. In the former case the decrease in the 
frequency of chiasmata may be due to the disturbance in 
chromosome coiling, failure or restricted pairing at pachytene and 
the delay in DNA synthesis, while in the later it may be affecting 
the process leading to chiasma formation. 
According to Al-Allaf and Godward (1979) cryptic structural 
changes such as minute deletions or small inversions in some of 
the chromosomes in the embryonic initials or the initials which 
had survived the elimination process to take part in the formation 
of the inflorescences, may be responsible for the failure of these 
segments to form chiasmata and hence reduced the frequency. 
The alteration of chiasmata in the treated plants might also 
be due to rapid terminalization of chiasmata in the bivalents. 
5.8.2 MULTIVALENTS: 
The frequency of multivalents increased with increasing 
doses/concentrations of gamma rays, SA and aniline. In Mi 
generation the occurrence of multivalents was the highest in SA 
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followed by aniline and gamma rays. In M2 generation, their 
frequency decreased as compared to Mj in all three mutagens. 
Multivalents formation as induced by gamma rays and chemical 
mutagens has also been reported by many workers (Kaur and 
Grover, 1985; Dixit and Dubey, 1986; Jain and Sarbhoy, 1987; 
Reddy and Annadurai, 1992; Zeerak, 1992; Ahmad, 1993; Khare, 
1994; Consolaro et al., 1996; Vandana el al., 1996; and Khan el 
al., 1998). 
The multivalent formation may be due to the breakage in 
chromosomes caused by gamma rays, SA and aniline and their 
reunion through reciprocal translocations (Shastry and Ramiah, 
1961). Chaghtai and Hasan (1979) recorded the multivalents with 
increasing dosage of EMS, MES and MMS in Lens esculenta and 
suggested that translocation might have been produced due to 
terminal affinities of broken chromosomes. 
Zeerak (1992) and Vandana el al. (1996) attributed the 
multivalent formation to irregular pairing and breakage followed 
by translocation and inversion. According to Lea (1955) and 
Srivastava (1979) broken ends of the chromosomes when fused at 
random may bring about unequal changes making up the 
multivalents. 
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5.8.3 STICKINESS: 
The stickiness of chromosomes occurring at diakinesis and 
metaphase I, affected adversely the normal disjunction of 
chromosomes at anaphase I. The highest frequency of stickiness 
occurred in Mi generation in SA, followed by aniline and gamma 
rays, while in M2 generation the frequency decreased in all 
mutagens. It may be correlated with the higher pollen sterility in 
SA, gamma rays and aniline. Similar results have been reported by 
a number of workers (Al-Najjar and Soliman, 1982; Reddy and 
Rao, 1982; Shehab et al., 1984; Kaur and Grover, 1985; Jain and 
Sarbhoy, 1987; Amer and Farah, 1987; Lakshmi et al., 1988; 
Ragab and Rahem, 1989; Das and Roy, 1989; Myers et al., 1992; 
Zeerak, 1992; Ahmad, 1993; Anis and Wani, 1997; Khan et al., 
1998 and George and Abd Haleem (2001) in Vicia faba. Radiation 
induced chromosome stickiness has been reported to be as a result 
of partial dissociation of the nucleoprotein and alteration in their 
pattern of organization. (Evans, 1962; Sheikh and Godward, 1972; 
Katiyar, 1978 and Myers et al., 1992). Stickiness in Rosa was 
reported to be due to inter-specific hybridization and interaction 
of genotype and environment (Klasterska and Natarajan, 1975, 
while Katiyar (1978), Rao and Laxmi (1980) and Jayabalan and 
Rao (1987) reported it to be due to the disturbances in 
cytochemically balanced reactions by the secondary effect of 
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radiation and chemical mutagens. According to McGill et al. 
(1974) and Klasterska et al. (1976). The stickiness arises due to 
improper folding of chromosome fibres. On the other hand it was 
reported to be the outcome of physiological effect in Vinca rosea 
(Sudhakaran, 1971). 
Gaulden (1987) postulated that the stickiness may result from 
defective functioning of one or two types of specific non histone 
proteins involved in chromosome organization which are needed 
for chromatid separation and segregation. The altered functioning 
of these proteins leading to stickiness is caused by mutation in 
structural genes coding for them (hereditary stickiness) or by the 
direct action of mutagens (induced stickiness). However, the 
stickiness disappears gradually and the chromosomes individualize 
through anaphase I. 
5.8.4 PRECOCIOUS SEPARATION OF CHROMOSOMES: 
The frequency of precocious separation of chromosomes was 
maximum in SA, followed by gamma rays and aniline in Mi 
generation but in M2. Maximum frequency in gamma rays was 
followed by SA and aniline. 
The irregular separation of chromosomes may be attributed 
to the disturbances in spindle apparatus (Amer and Ali, 1974), 
crossing over between relatively inverted segments (Mc Clintock, 
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1931) or the reunion of chromatids during meiotic prophase (Rees 
and Thompson, 1955; Lewis and John, 1966; Newmann, 1966). 
The univalents separating precociously seemed to be a result 
of desynapsis, precocious chiasmata terminalization (Bose and 
Saha, 1970; Kaul and Nirmala, 1993) or asynapsis, (failure of 
chiasma formation in pairs) (Roy et al., 1971). Rao et al. (1990) 
found that the gene for stickiness was responsible for precocious 
chiasma release in pearl millet. 
Structural differences of homologous pair, followed with 
disturbed spindle mechanism, might have resulted in haphazard 
movement of chromosomes, some of them being precocious. In 
this regard SA was found to be more effective in the precocious 
separation of chromosomes. 
5.8.5 UNIVALENTS: 
Increase in the frequency of univalents was a common 
abnormality in all treatments. However, the maximum frequency 
of univalents was found in SA, followed by gamma rays and 
aniline in Mi generation. The frequency of univalents In M2 was 
lower than Mi generation. 
Univalents have been noticed by many workers in various 
plants treated with mutagens (Ramulu, 1971 in Sorghum; Kalloo, 
1972 in Pisum; Rao et al., 1990 in Pearl millet; Zeerak, 1992 in 
tomato; Ahmad, 1993 in chickpea; Kaul and Nirmala, 1993 in 
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Pisum sativum-, Khare, 1994 in Adiantum capillus veneris), Singh 
(2002) in barley Hordium vulgare). The univalents in Mi have also 
been reported to occur due to asynapsis or desynapsis. Where 
univalency is complete the asynapsis is presumed and where it is 
partial the desynapsis is inferred (Kaul and Nirmala, 1993). The 
absence or highly reduced number of univalents in Ma generation 
was due to the fact that desynapsis or asynapsis did not occur due 
to the ceasing effect of mutagens and the pairing of bivalent was 
normal. It may also be due to repair mechanism in the case of 
damaged DNA. Some of these univalents were later on found to 
be laggards at anaphase I and telophase 1 stages 
Gamma rays SA and aniline have induced genie disturbances 
due to mutagenic activity and hence the disturbances in homology 
and pairing of homologous chromosomes. 
5.8.6 BRIDGES: 
Bridges occurred at anaphase I and II and telophase I and II 
stages in the treated populations. However, the frequency was 
lesser at second meiotic stages. The frequency of bridges in T* 
meiotic division was maximum in SA followed by gamma rays and 
aniline in Mi generation, but in M2 generation the frequency was 
comparatively lower. The bridges were also induced by Kaur and 
Grover (1985) in barley by pesticides; Dixit and Dubey (1986) in 
lentil by alkylating agents; Jayabalan and Rao (1987) in tomato by 
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gamma rays; Jain and Sarbhoy (1987) in Len culinaris and Pisum 
sativum, by pesticides Lakshmi et al. (1988) in chilli by 
insecticides; Singh and Khanna (1988) in wheat by y rays , Das and 
Roy (1989) in Solarium by radio mutagens; Reddy and Anadurai 
(1992) in lentil by different mutagens; Ahmad (1993) in Cicer by 
y-rays; George and Abd Haleem (2001) in Vicia faba and 
Utsunomiya et al. (2002) in maize plant. 
Sax (1940) and Singh and Khanna (1988) considered that 
anaphasic bridges may be formed due to unequal exchange of 
dicentric chromosomes. The occurrence of breaks at the same 
locus of two chromosomes and their lateral fusion leads to the 
formation of dicentric chromosomes, which are pulled equally to 
both the poles at anaphase and a bridge is formed. Thomas (1961) 
observed that in some cells the interstitial chiasmata in 
translocated chromosomes failed to complete terminalization and 
during anaphase this resulted in a bridge. Bose and Saha (1970) 
supporting Rees (1952) said that a single bridge without fragment 
could result from the failure of division of end genes brought 
about by nucleic acid upset. Jones (1968) described contrasting 
modes of origin of bridges in simple terms "one depends on 
crossing over between relatively inverted segments while, the 
other depends on inverted crossing over between non oriented 
segments." 
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5.8.7 LAGGARDS: 
The maximum frequency of laggards was recorded in gamma 
rays, followed by aniline and SA in Mi generation. The frequency 
in M2 was lesser than Mi in all mutagens following the similar 
increasing trend in increasing doses. The laggards have also been 
observed by many workers such as, Kaur and Grover (1985) in 
barley, Jayabalan and Rao (1987) and Zeerak (1992) in 
Lycopersicon esculentum, Das and Roy (1989) in Solarium, Ragab 
and Rahem (1989) in Zea mays, Ahmad (1993) in Cicer arietinum, 
Khare (1994) in Adiantum capillus veneris, Vandana (1993), 
Vandana et al, (1996) and Khan et al. (1998) in Vicia faba, Mishra 
and Raghuvanshi (1989) and Anis and Wani (1997) in Trigonella 
foenum graecum with physical mutagens, chemical mutagens, 
herbicides and pesticides. 
The occurrence of lagging chromosomes may be explained 
on the basis of abnormal spindle formation and failure of 
chromosome breakage by binding of DNA regions rich in GC Pairs 
causing these to become unstable (Lawley and Brooker, 1963). 
5.8.8 UNEQUAL DIVISION OF CHROMOSOMES: 
The unequal division of chromosomes was observed in 
higher concentrations/doses of all mutagens. The maximum 
frequency was induced by gamma rays, followed by SA and aniline 
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in Ml generation but in M2 the frequency was comparatively lesser 
than Ml generation. 
It might have occurred due to early or delayed separation of 
bivalents. It is also possible that a bivalent had failed to disjoine 
and moved as a whole to one of the poles. The same anomaly has 
been observed by various workers (Reddy and Rao (1982) in 
Chilli, Dixit and Dubey (1986) in Lentil, Jayabalan and Rao 
(1987) in Lycopersicon esculentum; Venkateswarlu et al. (1988) in 
Catharanthus, Ragab and Rahem (1989) in Zea mays, Ahmad 
(1993) in Pisum sativum L., Khare (1994) in Adiantum capillus 
veneris and Khan et al. (1998) in Vicia faba, Singh (2002) in 
barley {Hordium vulgare L.), Ammini (1968) in Rhoeo discolor, 
Bose and Saha (1970) in tomato, Anis and Wani (1997) in 
Trigonella and Afaq et al. (1998) in Vicia faba by different 
mutagens. 
The reports of disturbed spindle mechanism, stickiness and 
irregular chromosome movement causing unequal division are also 
available (Liang et al. (1967); Amer and Ali (1968). 
5:8.9 FRAGMENTS: 
Fragments had been observed at anaphase I and metaphase II 
stages only in higher doses/concentrations of all the mutagens. 
The maximum frequency of fragments occurred in Mi generation 
in SA, followed by gamma rays and aniline while in M2 the 
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frequency was lesser than Mi generation in all the mutagens 
respectively. Reddi and Reddi (1985), Prakash et al. (1988), 
Venkateswarlu et al. (1988) and Khan et al. (1998) have also 
reported the occurrence of fragments at anaphase I and metaphase 
II. 
According to Mathew and Kuriachan (1989) the bridges and 
fragments arise as a result of spontaneous breakage while Lewis 
and John (1966) proposed that irregular crossing over results in 
the formation of bridges and fragments. 
Caetano-Pereira et al. (1995) considered that the 
chromosome fragmentation observed in the microsporocytes may 
be due to damaged mechanism of DNA repair caused by genetic or 
environmental factors. 
5.8.10 MICRONUCLEI: 
Micronuclei were noticed at Telophase II in higher doses/ 
concentrations. This might be probably due to the occurrence of 
large number of laggards at telophase I. The correlation of the 
occurrence of laggards, due to failure of spindle formation leading 
to the formation of micronuclei at anaphase I and telophase II 
stages have been worked out by Dixit and Dubey (1986); Liang et 
al. (1967); Amer and Ali (1974) and Reddy and Rao (1978). 
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In Ml generation the maximum frequency of micronuclei was 
present in SA, followed by gamma rays and aniline, but in M2 
generation the frequency was lesser than in M] generation. 
Moreover, micronuclei have been reported more commonly 
at telophase II stages by other workers also Reddy and Rao (1982); 
Dixit and Dubey (1986); Amer and Farah (1987); Somashekar 
(1987); Jayabalan and Rao (1987); Lakshmi et al. (1988); 
Ignacimuthu and Babu (1989) and Khan et al. (1998). 
The micronuclei resulting in polyads formation are 
responsible for the production of sterile pollen (Patil and Bora, 
1961). The increasing sterility in higher doses of gamma rays, SA 
and aniline might be correlated with micronuclei in A.majus also. 
Decreasing trend in the frequency of some morphological 
and chromosomal abnormalities at higher doses/concentrations, as 
observed in Ammi majus, may be due to the death and elimination 
of highly affected seedlings particularly in Mi and survival of only 
the tolerant seedlings, having lesser number of these 
abnormalities. 
The inhibition percentage in germination in M2 generation 
was lesser than in Mi due to the ceasing toxic effect of the 
mutagens or damage repair system in the plant in successive 
generations. 
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Although lower than Mi, a considerable degree of meiotic 
irregularities were observed in M2 and M3 generations. It was 
perhaps due to the fact that the chromosomal abnormalities 
induced in Mi plants was such that there was a little or no effect 
on cell viability. The division of the affected cells proceeded and 
increased in number and gradually these abnormalities passed onto 
the next generation. Moreover, the variations in meiotic behaviour 
have been found to prevail from generation to generation, from 
treatment to treatment and from plant to plant. These variations 
(irregularities) might be due to the action of some radiomimetic 
substances present in the soil in which the plants are grown or may 
be released by seed coats in the water as reported by Sharma and 
Sen (1954), Rieger and Michaelis (1958) and Reddy and Rao 
(1969). The variations may also be due to hazardous effect of 
environmental toxicity (Kalra et al. 1996; Ansari et al., 1997). 
It has been concluded that the morphological variations were 
higher and mostly adopted in Mi generation. In M2 the mutants 
were either chromosomal or genie and moreover recessive, because 
in aniline the frequency of chromosomal abnormalities was lower 
than SA and gamma rays but morphological mutations were 
significant. So it may be due to cryptic structural changes. The 
mutation rates in lower doses were higher since less damaging 
doses were found to be more effective and efficient. The 
chromosomal abnormalities as a whole were also 
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dose/concentration dependent and more or less responsible for 
morphological variations. 
Moreover, the morphological and cytological variations 
observed in the present investigation may also be due to 
physiological disturbances in metabolic activities or growth 
regulators (auxins and cytokinins). The genetic disturbance like 
various chromosomal associations and disturbed spindle formation 
as a result of the action of mutagens (y-rays, SA and aniline) used. 
In the condition of undetectable changes at chromosome level the 
changes at genie level (crptic structural changes) have been the 
reasons for phenotypic changes. 
The induced variability in the present investigation provided 
greater chances of selection of different desirable characters in 
Ammi majus L. 
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CHAPTER-6 
SUMMARY 
The main objective of the present study was to explore the 
possibility of inducing genetic variability for quantitative and to 
select the desirable ones. The effect of gamma rays, SA and 
aniline has been studied on seed germination, growth, morphology, 
pollen fertility, meiotic abnormalities and yield in Ammi majus L. 
(umbliaceae) in Mi, M2 and M3 generation. Few selected mutants 
have been maintained in M3 generation. Various other aspects of 
the study were; 
(1) Biological damage in Mi generation such as height, 
germination injury and adverse effect of yield etc. 
(2) Efficiency and effectiveness of the mutagens. 
(3) Response of chromosomes of these mutagens and the study 
of changed chromosomal configurations. 
The findings are summarized below. 
1) Seed germination and pollen fertility showed a dose 
dependent decrease with gamma rays, SA and aniline. 
Similar trend was followed in these doses in M2 generation 
also, but the germination percentage and pollen fertility were 
comparatively higher than these in Mj generation. 
2) The frequency of variations increased in increasing 
doses/concentrations of gamma rays, SA and aniline. There 
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mutants in M2 were selected on the basis of selfing the 
variants of Mi and maintaining them in M2. The frequency of 
mutations was generally lower in M2 and M3 generations 
than the variants obtained in Mi generation. 
3) The cotyledonary and vegetative leaves, in treated plants, 
exhibited significant variations such as deep notches forming 
2-4 lobes, small unequal lobes, serration, poor develop and 
compared to that of control plants in Mi generation. These 
abnormalities were common in all the mutagens, with the 
difference in all the mutagens, with the difference in their 
frequencies only. Almost similar abnormalities were 
observed in M2 and M3 generations also but the frequencies 
were lower the highest variations were induced in SA 
followed by gamma rays and aniline. 
4) Older seedlings also exhibited morphological variations such 
as varied leaf shape and size, erect and semi erect plants 
with lesser number of branches hard, weak and soft stem, 
healthy plants with increased number of branches and 
infloresences. In M2 generation the variations in leaf 
morphology like unequal, deep notching, deshaping whorl 
arrangement, thick and leathery leaves were also observed. 
5) Average height of mature plants decreased with increasing 
doses/concentrations in these mutagens in Mi generation. 
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The maximum reduction in height occurred in gamma rays, 
followed by SA and aniline. Although the average height of 
plants decreased in M2 generation also but the reduction 
height injury was lesser than Mi and the plant were 
comparatively taller than Mi. Moreover, some mutants 
obtained as a result of segregation in M2 and M3 were taller 
than control plants as well as general treated populations. 
6) The mutants such as dwarfs with decreased number of 
branches, taller plants with increased or decreased number of 
branches, delayed germination followed by retarded growth 
and rudimentary seedlings, erect and semi erect plants, 
higher or low yielding etc. were obtained in various 
treatment in M2 and M3 generation. 
7) Various mutants on the basis of micromutational characters 
such as average number of branches, infloresence, umbel, 
flowers and weight of seeds per plant as well as per hundred 
seeds were isolated and studied in M2 and M3 generations. 
8) The yield was maximum in SA followed by aniline and 
gamma rays. Generally the yield was higher in M2 and M3 
generations than Mi due to the ceasing toxic effect of 
mutagens and recovery the damages caused by mutagens. 
9) The mutagenic effectiveness was higher at lower doses of all 
three mutagens. The order of mutagens based on 
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effectiveness was SA> aniline> gamma rays. The mutagenic 
efficiency worked out on the basis of seedling injury (MP/I) 
and pollen sterility (Mp/S), also showed a declining trend 
with increasing concentrations of gamma rays, SA and 
aniline. The order of mutagenic efficiency was SA> gamma 
rays> aniline. The SA was found to be the most effective and 
efficient in inducing mutations Ammi majus L. 
10) The effect mutagens on meiotic chromosomes was studied in 
detail. The chiasma frequency (Percell or Per bivalent) 
generally decreased with the increasing doses/ 
concentrations of mutagens at diakinesis and metaphase I 
stages. However, it showed and insignificantly recovery at 
metaphase I. The maximum adverse effect on chisama 
frequency was observed in SA followed by gamma rays and 
aniline treatments. The same pattern was followed in M2 
generation also. 
11) The frequencies of multivalents, stickiness and univalents 
increased with increasing doses/concentrations of mutagens 
these were also observed in M2 generations but frequencies 
were comparatively lower than that of Mi generation. 
12) Precocious separation of chromosome was occurred at 
metaphase I stage and followed the increasing trend in 
higher doses. Maximum frequency of precocious separation 
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in SA followed by gamma rays and aniline in Mi generation. 
But in M2 the frequency in lesser than Mi generation. 
13) At anaphase I, the abnormalities like laggards, bridges, 
unequal division and unsynchronized movement of 
chromosomes were mainly observed. The maximum 
frequency of these abnormalities were observed in SA 
followed by gamma rays and aniline In M2 generation same 
abnormalities were observed, but their frequencies were 
lesser than Mi. Similar trend was followed by laggards and 
bridges occurring at telophase I. 
14) Abnormalities at second meiotic stages were lesser in treated 
populations in Mi and M2 generations. However, some of the 
abnormalities recorded were laggards at prophase II, 
fragments and precocious separation at metaphase II, 
laggards, bridges and disoriented chromosomes at anaphase 
II and micronuclei, laggards and bridges at telophase II. 
Generally their frequencies were maximum in SA followed 
by aniline and gamma rays. 
15) Moreover, the commutative effect of these chromosomal 
abnormalities resulted in the induction of mutations in Ammi 
majus L. these have been isolated in M3 generation. They 
showed various morphological characters almost similar to 
149 
that of M2 such as tall, dwarf, less branching, high or low 
yielding etc. 
The induced cytomorphological variabilities in the present 
investigation provided greater chances of selection of 
different desirable characters in Ammi majus L., a medicinal 
plant used in various skin diseases. 
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Figure Plate-1- seedl ing abnormal i t ies in Mi generat ion 
Figs. A(a-q): Variat ions obtained in gamma rays 
treatment 
(a) Control normal leaves, 3-lobed, each lobe finely or deeply 
serrated, some leaves 2-lobed, round. 
(b) Control: 2& 3 lobed leaves, notched, serrated, obovate. 
(c) 2-unequaI lobes, notched, serrated (lOKR). 
(d) 2-lobed, unequal, serrated/entire margin, bigger size 
(lOKR). 
(e) 3 lobes, each lobe serrated (30KR). 
(f) 1-2 lobes, unequal, serrated, abovate (40KR). 
(g) 3-equal lobes, uniform character, serrated, each lobe 
obovate (40KR). 
(h) 1,2 or 3 lobes, serrated, small size (50KR). 
(i) 1&2 lobes, small leaves, single lobed leaf deeply dentated 
(50KR). 
(j) 1,3 and 4 lobed leaves, small size (50KR). 
Fig.B 
(k) Cotyledonary leaves small, narrow, vegetative leaves 
broader than control, single unlobed, notched, serrated, 
obovate (20KR). 
(1) Cotyledonary leaves broader and longer then control, 
vegetative leaves 1 & 3 lobed, notching insufficient to 
form lobes, deshaped, reduced in size (30KR). 
(m) Cotyledonary leaves broad and long vegetative leaves one 
lobed, serrated, small (40KR). 
(n-q) Poorly developed cotyledonary and vegetative leaves, 
seedlings poorly developed (50KR). 
Figure plate -1:- Seedling abnormalities in Mi generation. 
Figure Plate>2- Seedling abnormal i t ies in Mi generat ion 
Figs. A(a-t) : Variat ions obtained in SA treatment 
(a) Control normal seedling, cotyledonary leaves rudimentary 
& vegetative leaves 2-3 lobed, serrated margin, obovate. 
(b) Unequal lobes in vegetative leaves, notched, serrated, 
smaller size, obovate (0.05%). 
(c) Well developed, Broader leaves, serrated, vegetative 
leaves single round, lobed (0.25%). 
(d) Small, 1 & 2 lobed, notched, serrated and round (1.0%). 
(e) Small, round I & 3 lobed leaves, medium notching, 
serrated, unequal lobes, small size (0.5%). 
(f-g) Poorly developed cotyledonary leaves vegetative leaves 
smaller 1 & 3 lobed, deeply notched, stunted growth of 
seedling (0.75%). 
(h) Large cotyledonary leaves, 1 & 3 lobed, notched, serrated 
(1.25%). 
(i) Single lobed, well developed, rounded, serrated, obtuse 
leaves, obovate /Ian ceolate lobe (1.0%). 
(j) 1,2 and 3 lobed, dentate leaves, obovate lobes (1.75%). 
Fig.B 
(k) Cotyledonary leaves elongated, vegetative leaves poorly 
developed, single lamina (0.05%). 
(1) Cotyledonary leaves normal under developed, 2 & 3 lobed 
vegetative leaves root highly develoed (0.5%). 
(m) Cotyledonary leaves normal. Rudimentary and unequal 
vegetative leaves (1.0%). 
(n) Cotyledonary leaves normal deleyed formation of 
vegetative leaves (1.25%). 
(o-t) Poorly developed cotyledonary and vegetative leaves, 
stunted growth of seedlings (1.5%). 
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Figure plate -2:-Seedling abnormalities in Mi generation. 
Fig. C(a-j): Variat ions obtained in Ani l ine treatment 
(a) Cotyledonary leaves small, vegetative leaves 1 &3 lobed, 
serrated deeply notched (0.05%). 
(b) Single and two lobed vegetative leaves, notched, serrate 
(0.75%). 
(c) Well developed seedling, vegetative leaves large and 1 or 
2 lobed, deeply notched, serrated (1.25%). 
(d) Cotyledonary leaves rudimentary, 1-Iobed vegetative 
leaves, small, serrated acute (1.5%). 
(e) Cotyledondary leaves well develops single lobed, broader 
in size, deeply notched, serrated (1.5%). 
(f-g) One and three lobed vegetative leaves, serrated, deeply 
notched and deshaped (claw shaped) (1.75%). 
(h-j) Small, poorly developed seedling, leaves are small, 1 
lobed, serrated, deshaped (2%). 
Figure P la te -3 ' Seedl ing abnormal i t ies in Mi generat ion 
Fig. (A): Control: normal seedling bearing obovate/ lanecolate 
leaves, serrate, acute/obtuse leaves. 
Fig.(B): Abnormal seedlings with deeply notched leaves 
dividing the leaf in two unequal lobes, broder obovate 
obtuse (40KR gamma rays) 
Fig. (C): Deeply notched, 3-lobes, acute, serrated, wary margin 
divided into three unequal lobes, younger leaf having 
single lamina (SA 1.5%). 
Fig. (D): Deeply notched 2-3, lobes, small, leathery leaves and 
highly branched seedlings (SA 0.75%). 
Figure plate -3:-Seedling abnormalities in Mi generation. 
Figure Plate-4- Older seedl ings showing abnormal i t ies in 
Ml generat ion 
Fig. (A): Single Lamina per branch serrated, all leaves ovate 
(5KR). 
Fig. (B): Seedlings with notched leaves 3-lobes, incomplete 
notching in some leaves, unequal lobes, lobes 
obovate dark green in colour (lOKR gamma rays). 
Fig. (C): Seedlings of the same age but having weak stem and 
smaller narrow leaves, poorly developed, less 
notching, some leaves unnotched. (20KR gamma 
rays). 
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G E N E R A T I O N 
Figure Plate-5-Older seedl ings showing abnormal i t ies in 
M2 generat ion 
Fig. (A): Thick stem, deshaped, thick and leathery leaves, 
wavy serrated margin notching in some leaves 
xantha type mutation (40KR gamma rays). 
Fig. (B): Thicker woody stem stunted growth, curly and 
deshaped leaves, arranged in whole at the apex, 
poorly developed thicker and fleshy leaves, reduced 
frequency of notching (40KR gamma rays). 
Fig. (A): Normal growth in control. 
Fig. (B): Reduction in growth and leaf formation in (50KR) 
treated population. 
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F I G U R E P L A T E - 5 O L O E R S E E D L I N G S S H O W I N G A B N O R M A L I T I E S IN M ^ 
GENERATION 
F i g u r e P l a t e - 6 - O l d e r seed l ings showing a b n o r m a l i t i e s in 
M2 g e n e r a t i o n 
Fig. (A): Delayed and poorly germinated seedlings showing 
rudimentary leaves (SA 1.0%). 
Fig. (B): (a) Stunted growth, poorly developed leaves. 
(b) Thick stem, deshaped leaves with irregular 
margin, thick and leathery compactly arranged 
leaves on apex (SA 1.5%). 
Fig. (C); Normal growth, deshaped, notched leaves, serrated 
and wavy margin, unequal lobes (SA 0.75%). 
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FIGURE PLATE - 6 OLDER SEEDLINGS SHOWING ABNORMALITIES IN 
Figure Plate-7- Older Seedling showing abnormal i t ies in 
M2 generation 
Fig. (A): Increase number of leaves, smaller, in size some 
finely serrated, thin with smooth surface. Increase 
number of branches (SA 0.5%). 
Fig. (B): Reduced number of leaves notching almost absent 
elongated petiole, and lamina (SA 1.25%). 
Fig. (C): Leaves of unequal size some rudimentary and curly 
branching absent (SA 2%). 
A 
B 
C 
FIGURE PLATE - 7 OLDER SEEDLINGS SHOWING ABNORMALITIES IN 
M2 GENERATION 
Figure Plate-8-Older seedl ing showing abnormal i t ies in 
M2 generat ion 
Fig. (A): Slow growth, single lobed leaves with deep serration 
(Aniline 0.75%). 
Fig. (B): Thick stem, poorly developed seedling, leaves, 
aggregated on the apex. Thick leathery and shining 
leaves with short rachis and unequal lobes (Aniline 
1.5%). 
FIGURE PLATE -B OLDER SEEDLINGS SHOWING ABNORMALITIES IN 
MA GENERATION 
Figure Plate-9-Leaf variation in IVI2 generation 
Gamma rays treatment 
(1) Control normal shapes and size of leaves. 
(2) 2 unequal lobes, broad, serrate, round (5KR). 
(3) 3 equal lobes, lanceolate, serrate, acute (lOKR). 
(4) Shallow notching, 2 unequal lobes, wavy margin, 
deshaped, acute/round apices (30KR). 
(5) Small leaf, 2 unequal lobes, wavy margin, acute apiecs. 
(lOKR). 
(6) 3 lobed, broad leaf, serrated, acute (5KR). 
(7) 2 unequal lobes, small leaf, finely serrated acute 
(30KR). 
(8) Single lobed, small, wavy margin, acute (20KR). 
(9) Single lobed, broad, serrate, acute (50KR). 
(10) Obovate, single lobed, fine serrate, acute apex (20KR). 
(11) Unequal lobes, wavy margin, serrate, acute (30KR). 
(12) 2-unequal lobes, serrate acute (30KR). 
(13-14) 3 lobes, shallow as well as deep notching, serrate, 
acute (40KR). 
(15) Small leaf, 3 lobes, each lobe obovate (50KR). 
(16) Obovate, serrate, rounds (50KR). 
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FIGURE PLATE - 9 LEAF VARIATIDNSIN M- GENERATION 
Figure plate- lO-Leaf variat ions in M2 generat ion 
SA treatment 
(1) Control leaf. 
(2) Single lobe serrate and obovate irregular margin 
(0.5%). 
(3-4) 2 unequal broad lobes, serrate, acute apices (1%). 
(5-6) 3-2 lobed, bigger size, wavy margin, serrate, obocate 
deep/shallow notching (0.75%). 
(7) 3 lobed, lobes joined at the base (0.25%). 
(8) Single small leaf, serrate, acute (1.75%) 
(9) 2 unequal lobes, wavy margin, serrate, acute (1.5%). 
(10-12) Single lobed, serrate leaves round acute apices 
(1.25%). 
(13) Single lobed divided by shallow notching obovate 
serrate, acute (2%). 
(14-16) 3 lobed, serrate, small leaves (2%). 
FIBURE PUATE - I A LEAF VARIATIONSIN M - GENERATION 
Figure P l a t e - l l - L e a f variat ions in Mi generat ion 
Anil ine treatment 
(1) Control leaf. 
(2) Single, broad, deeply notched leaf, overlapping lobes, 
obtuse (0.05%). 
(3) Single, broad, deeply notched, overlapping lobes (0.05%). 
(4) 3-lobed, lanceolate, wavy and finely serrated margin 
acute (0.25%). 
(5) 3 lobed, middle lobe bigger with notched apex, obovate 
(0.5%). 
(6) 2 unequal lobes, bigger lobe showing obtuse while smaller 
lobe acute apices. (0.5%). 
(7) Single leaf, unlobed, deeply serrated margin, obtuse apex 
(0.75%). 
(8) Single leaf, unloded, fine serrations, ovate acute apex 
(1.25%). 
(9) Small obovate leaf, finely serrated margin, obtuse apex 
(1%). 
(10) 2 unequal lobes bigger lobe obtuse and smaller one acute, 
fine serration (1%). 
(11) Single, small, unlobed elongated, ovate, serrate, acute 
(1.5%). 
(12) Small-2-unequal lobes, deshaped (1.75%). 
(13) Smaller, 2-lobes abovate, smooth, entire, obtuse (1.75). 
(14) 3 lobed, normal shaped but highly reduced size. (2%). 
(15) Single leaf, abovate, finely serrated, obtuse (2%). 
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FIGURE PLATE -1 I LEAF V A R I A T I O N g l N M^ B E N E R A T I D N 
Figure Plate-12-SeIected mutants in M3 generat ion 
Fig. (A): Control plant showing normal height and branching, 
high yielding. 
Fig. (B): Erect, tall. Reduced number of branches, poor 
yielding mutant (lOKR gamma rays). 
Fig. (C): Erect, healthy, high yielding, lower leaves are 
broader, upper ones small (20KR gamma rays) 
Fig. (D): 
(a) Tall, semi erect, healthy, normal branching, high 
yield mutant. 
(b) Dwarf, less branching, low yielding, weak stem 
mutant (30KR gamma rays). 
F I G U R E P L A T E - I 2 S E U E C T E D M U T A N T S I N M , G E N E R A T I O N 
Figure Plate-13-Selected mutants in M3 generation 
Fig. (A): Erect, tall, increased branching, high yielding 
mutant. (30KR gamma rays). 
Fig (B): Semi, erect, weak stem and branches, less branching, 
high yielding, leaves needle like (50KR gamma 
rays). 
Fig. (C): Tall, Erect, highly branched high yielding, hard stem 
mutant (40KR gamma rays). 
Fig. (D): Erect, small, less branching, low yield mutant (50KR 
gamma rays). 
F I G U R E P L A T E -I 2 S E U E C T E D M U T A N T S I N M, G E N E R A T I O N 
Figure Plate-14-Selected Mutant in M3 generat ion 
Fig. (A): Erect, small, less branching, leaves thin and needle 
shaped a highly dissected leaves, poor yielding 
mutant. 
Fig. (B): Erect, small, thin, very less branching, leaves needle 
like, poor yielding plant (1.0% SA). 
Fig. (C): Dwarf, Erect, less branching, poor yield (1.5% SA). 
Fig. (D): Erect, thin and weak stem less branching and 
inflorescence poor yielding, like needle leaves 
(1.75% SA). 
F I G U R E P L A T E -I 2 S E U E C T E D M U T A N T S IN M, G E N E R A T I O N 
Figure Plate -15-Selected Mutant in M3 generat ion 
Fig. (A): Erect, tall and healthy, more branching and high 
yielding mutant (0.5% aniline). 
Fig. (B): Semi Erect Dwarf, less branching, poor yielding, 
leaves are needle shaped (0.75% aniline). 
Fig. (C): Erect, healthy thick stem, dense leaves but plant is 
sterile (1.25% aniline). 
Fig. (D): Erect, healthy, tall, more and dense branching and 
high yielding plant (2.0% aniline). 
F I G U R E P L A T E -I 2 S E U E C T E D M U T A N T S IN M, G E N E R A T I O N 
Figure Plate -16-Meiot ic divisions in Ammi majus L. 
(control) 
(a) Prophase I: 
(b) Metaphase I: 
(c) Anaphase I: 
(d) Telophase I: 
(e) Anaphase II: 
(f) Telophase II: 
Diakinesis 9 ring bivalents+4rod bivalents 
Rod bivalents at equator 
(Early) separating chromosomes 
Two groups of chromosomes at poles 
Normal separation of chromosomes 
Four polar nuclei 
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Figure plate -16:- Meiotic divisions in Ammi majus L. (control). 
F i g u r e P l a t e - 17 - ( a - i ) -Chromoson ia l a b n o r m a l i t i e s 
induced by gamma rays in Ammi majus L. (Mi 
Prophase I 
(a) Diakinesis: 
(b) Diakinesis: 
(c) Anaphase I: 
(d) Metaphase I: 
(e) Telophase I: 
(f) Metaphase I: 
(g) Anaphase I: 
(h) Anaphase II: 
generation) 
Showing 1 ring "4-8 rod "+4^ and 
decreased no. of chiasmata (30KR) 
Showing 2 rings 11+ 9 rod III (40KR) 
Multiple chromatin bridges (50KR) 
jiv (20KR) 
Showing chromatin bridge (40KR) 
Showing stickiness among chromosomes 
(50KR) 
unequal division of chromosomes (12+10) 
(30KR) 
Chromatin bridges, unequal division of 
chromosomes (50KR) 
(i) Telophase II: Chromatin bridge and laggards (50KR) 
Figure plate -17:-Chromosomal abnormalities in Ammi majus L. 
induced by Gamma rays (Mi generation). 
F i g u r e P l a t e - 1 8 - ( a - i ) - C h r o m o s o m a l a b n o r m a l i t i e s 
induced by SA in Ammi majus L. (Mi generat ion) 
Prophase I 
(a) Diakinesis: 
(b) Diakinesis: 
(c) Diakinesis: 
(I), 2 bivalents rings+9rod bivalents 
(II) all rod bivalents (1.75%) 
2" rings+9" rods+2 fragments (1.0%) 
3" rings+7" rods+2' (1.25%) 
(d) Metaphase I: l " ring+S" rods+4' (2.00%) 
(e) Metaphase I: Sticky chromosomes. Precocious separation 
of two rod bivalents (2.00%). 
(f) Metaphase I: Stickiness among chromosomes^ 6 
univalents are free (1.75%) 
(g) Metaphase I: Sticky chromosomes and disoriented (1.5%) 
(h) Meta-Anaphase II: Unsynchronized division one group of 
chromosomes at metaphase II while other 
dividing at anaphase II (1.75%) 
(i) Telophase II: Chromatin bridge and laggards (2.00%) 
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Figure plate -18:-Chromosomal abnormalities in Ammi majus L. 
induced by Gamma rays (Mi generation). 
F i g u r e P l a t e - 1 9 - ( a - j ) - C h r o m o s o m a l a b n o r m a l i t i e s 
induced by Aniline in Ammi majus L. (Mi generation) 
Prophase I 
(a) Diakinesis: 
(b) Diakinesis: 
(c) Diakinesis: 
l " ring +8" rods+4^ (1.0%) 
3" rings + 8" rods (1.5%) 
6" rings + rods (2.00%) 
(d) Metaphase I: Precocious separation of a bivalent 
stickiness among chromosomes (1.75%). 
( f ) Metaphase I: rods + l l ' (1.25%) 
(6) Anaphase I: Stretching of chromatin material, movement 
of one bivalent towards a poles causing 
unequal distribution (1.5%) 
(g) Metaphase I: Unsynchroni^ed movement of chromosomes 
(2.00%) 
(h) Anaphase I: Unsynchronii^ed movement of univalents<eoToe 
b".va\aT)1 towards poles (1.5%) 
(i) Anaphase II: Chromatin bridge and laggard 
(j) Telophase II: Showing micro nuclei (5 nucleate condition) 
(2 .00%) 
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Figure plate -19:-Chromosomal abnormalities in Ammi majus L. 
induced by Gamma rays (Mi generation). 
